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CHAPTER 1 
INTRODUCTION 



1. 1 GENERAL DESCRIPTION 

The VSVll/VSll is a video graphics system consisting of three 
quad-size modules and a joystick assembly. The system Uaer a 
high-speed microprocessor as the display processor* uiith a 
graphics instruction set that is based on th*' versatile VTll 
instruction set. Included in the VSVll/VSll instruction set are 
three bit map modes. An image memory is used in the V/SVll/VSll 
system to store the pixel data output of the display processor. 
The image memory is then continually "read" to the system monitor 
for the Ciisplay of pixel information. The use of an image memory 
eliminates the need for display file refreshing and allouis the 
display file to be changed after the first read pass. When the 
system is expanded uith optional image memory/ dynamic graphics 
can be run. The video output from the VEVll/VSll system is EIA 
RS-170 compatible and can drive a black and white or RGB color 
composite video monitor. Either 50 Hz or 60 Hz. interlaced or 
noninterlaced scanning is provided. 

There are two basic graphics systems available: the VSVll for 
use with an LSI-li CPU hosti and the VSll for use with a PDP-11 
host. The difference between the two is that the VSll system 
includes a DWU UNIBUS-to-LSI-11 Bus Converter. Both systems 
employ three modules which plug into an "H9273-type" backplane. 
This type backplane has LSI-11 busing on the A-B slots and 
daisychain or video busing on the C-D slots. Since the VSll 
system includes the DW11# a backplane (DDV11~CK) is supplied for 
mounting into PDP-11 mounting boxes. This backplane is 
compatible with the VSVll/VSll modules. VSVll systems are not 
supplied with a backplane. Operating power for the VSVll/VSll 
modules is supplied by the power supplies in the host CPU. 

The basic three-module VSVll/VSll graphics system has a Display 
Processor module <M7064)* one Image Memory module (M7062) and one 
Sync Generator/Cursor Control module (M7061). Optional Memory 
and Sync Generator modules can be used to expand the basic system 
for multi channel and/or multi monitor operation. One imige 
memory module provides one memory channel with either 512 X 512 X 
2 bits or 512 X 256 X 4 bits of pixel resolution and intensity. 
Additional image memory modules can be added to provide for: 



1. Singl* mtmory channvl luith 512 X 912 X 4 bits of pixtl 
resolution and intensity for ont system monitor* uiith no 
dynamic graphicsi 

2. Tuio memory channels each with 512 X 256 X 4 bits of 
resolution and intensity for one monitor with dynamic 
graphics* 

3. A four memory channel system* each channel having 512 X 
512 X 2 bits of resolution and intensity* paired 
channels would drive separate monitors* each monitor 
could display independent dynamic graphics* and 

4. Four separate channels* each channel having either 512 X 
256 X 4 bits or 512 X 512 X 2 bits of resolution and 
intensity for four independent monitors with no dynamic 
graphics. Optional M7061 Sync Generator modules are 
required for each additional independent system monitor. 

In summary* the VSVll/VSll has the following features: 

- VTll-type instructions including Vector* Point* Oraphplot* 
Run-length* and Bitmap modes* 

- LSI-11 Bus NPR capability* with 18~bit addressing* 

- Modules operate in DDVll-CK Sc H9273 type backplane* 

' Resolution of 512 X 256 X 4 bits or 512 X 512 X 2 bits* 
switch-selectable <with one memory)* 

- Outputs 4 or 16 grey levels* or 16 colors* 

- Video output for VTIOO (Maximum of one VTIOO per VSVll/ VSXl 
subsystem)* 

- Can sync to an external RS-170 source having equal number of 
scan lines as Sync Generator* 

- Mixes video from an external RS-170 source* 

- Software- and Joystick-controlled cursor* supplied with a 
rate-type joystick* cursor size and intensity is 
jumper-selectable between two choices* 

- Multi-channel and/or multi-monitor operation* 

- Compatible with analog monochrome or RGB-COLOR monitors 
requiring EIA RS-170 composite sync* 

- 50 Hz or 60 Hz* interlaced or noninterlaced operation* 

- Software— control led hardware blink. 
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1.2 BASIC FUNCTIONAL DESCRIPTION 

Figure 1-1 is a block diagr-itn of th« VSVll/VSll graphics ftyitvm. 
Three major functions appear on thift diagram. These mrs: 

(1) the H7064 Display Processor (abbreviated DPU)> 

(2) the M7062 Image Memory^ and 

(3) the M7061 Sync Generator/Cursor Control. 

These three major functions are the three modules of the 
VSV/11/VSll system. Figure 1-1 shous the optional additional 
M7062 Image Memory. The H3060 joystick is supplied with all 
systems* and the DWll is used only with the VSll system. 

The system modules interface to each other by means of two 
internal buses. These buses are the DBUS (Memory Data Bus) and 
the VBUS (Video Bus). The DBUS is a three-state bus that carries 
pixel data and control signals between the M7064 Display 
Processor and the M7062 Image Memory* and between the Display 
Processor and the M7061 Sync Generator/Cursor Control. 
Physically* the DBUS is a 40-ccnductor ribbon cable with 
Berg-type connectors. The cable is connected frorr. thi- 'liO-pi.n 
Berg-type connector on the Display Processor module to the 40-pin 
Berg— type connectors on each Memory and Sync module. The Video 
Bus is a three-state bus (only two-states are wsed) interfacing 
the Display Processor* Memory* and Sync modules. This bus 
carries sync and timing signals and video pixel data. 
Physically* the video bus is the daisy-chain wiring on the C-D 
slots of d-.i H9273-type or the E-F slots of a DDVll-CK backplane. 
A complete description of the DBUS is presented in Chapter 5* 
while the Video Bus is detailed in Chapter 6. 

The VSVll/VSll system operates as a DMA Jevicc on either the 
LSI-11 or PDP-11 bus. After constructing a dispi5»ij fj^e in the 
CPU memory* the starting address of the file is transferred to 
the Display Processor's Display Program Counter (DPC). The 
Display Processor then makes nonprocessor requests (NPRs) to gain 
use of the bus. Once bus master* the Display Processor has 
direct memory access (DMA) to the CPU memory for reading the 
display file. Display file instructions consist of Graphic* 
Control* and Data instructions (these are fully explained in 
Chapter 3). These instructions are processed by the Display 
Processor and set-up the graphic mode* status registers and 
control functions* and contain the pixel (picture element) 
information for display. Picture information processed by the 
Display Processor is sent to the Image Memory via the Memory 
Bus/DBUS for storage and eventual display on the system monitor. 
A detailed description of the Display Processor is presented in 
Chapter 4. 
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VSVU/VSll Graphics System Block Diaflr 
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The Image Memory stores an "image" of the pixel information to be 
displayed on the system monitor. Pixel data received from the 
Display Processor is stored in thirty-two 16K Random Access 
Memories <RAMs) on the M7062. X and Y address lines to the RAMs 
control which pixel position is to be written or read. RAM X and 
Y addresses correspond to pixel X and Y coordinates on the screen 
of the system monitor. Digital data for display is vsad from the 
M7062 to the M7061 Sync Generator/Cursor Control via the Video 
Bus (VBUS). At the M7061/ the digital data is converted to 
analog data. Because the Image Memory stores the picture to be 
displayed^ the display file in the CPU memory is not required for 
refreshing the display and can be changed after its contents are 
transferred to the VSVll/VSll. Optional M70A2 Image Memory 
modules can be added to the basic VSVll/VSll system to increase 
pixel resolution^ to run dynamic grahics< or for multi-monitor 
and/or multi-channel operation. Chapter 5 presents a detailed 
description of the M7062 Image Memory. 

The M7061 Sync Generator/Cursor Control provides 
digital-to-analog conversion of the pixel data from the M7062 
Image Memory for display on the system monitor. Sync and 
blanking pulses generated by the M7061 are used throughout the 
VSVll/VSll system and are combined with the pixel video data to 
produce the EIA RS-170 composite video signal for the monitor. 
Cursor control circuits within the M70A1 compute positions for 
display on the system monitor based on one of three data inputs. 
The joysticks PDPll I/0« or display file primitive can all 
control the displayed cursor position. Match and Switch 
interrupts <explained in Chapter 3)^ originated by pressing the 
joystick interrupt switch or actuated by software^ are controlled 
by logiL on the M7061. Joystick position is read back to the 
Display Processor via the Memory Bus/DBUS during a switch 
interrupt. The joystick itself consists of an X-position and a 
Y-position potentiometer, and two interrupt sj«itch^s wired in 
parallel. These components are mounted in an enclosure which 
connects to the M7061 module via a cable. The H3060 joystick is 
referred to as a rate— type joystick. That is# small movements of 
the joystick produce slow movements of the crosshairs. Large 
joystick movements cause the crosshairs to move rapidly. 
Detailed descriptions of the M7061 Sync Generator/Cursor Control 
module and the H3060 Joystick are provided in Chapter 6. 

The DWll UNIBUS-to-LSI-11 Bus Converter is supplied only with 
VSll systems. The converter translates UNIBUS and LSI-11 Bus 
signals. This translation is required because the Display 
Processor is an LSI-11 Bus device« and VSll systems are used with 
PBP-11 host CPUs. Complete details on the DWll are presented in 
the DWll UNIBUS to LSI-11 Bus Converter Installation Guide 
<EK-DW11A-IN). 
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1. 3 OPTION DESIGNATIONS 

Various standard VSVll and VSii option packages ara avallabla. 
Tha standard "packagad" units av basad upon tha VSVll-AA* uihich 
is a S-modula sat containing ona M70^4 Display Procassor* ona 
K7061 Sync Ganerator/Cursor Controls and ona Ii7062 Inaga Mamory 
(also callad a Frama Buffar). VSVli systams, for L8I-11 Bus 
systems* plug directly into an LSI-ii Bus backplane <H9273-A or 
equivalent)* the backplane is not supplied. VSll systems* for 
PDP-11 and VAX UNIBUS systems* include a DWll-BK UNIBUS-to-LSI-il 
Bus Converter; uihich includes a 4-slot backplane. The basic 
VSVli or VSll logic can be augmented uiith one addition M7062 
Image Memory as part of the standard offering. 

Some packages do not include a display monitor. Others include 
either a 12" Monochrome (Black Sc White) monitor ( VTIOO-LA/LB) or 
a 19" Color monitor (VRV02). Both types of monitors are based 
upon the VTIOO terminal. The VTIOO-LA (120V/60Hz) or VTIOO-LB 
(240V/50HZ) is a standard VTIOO-AA uiith a P40 phosphor and 
anti-glare shield. The VRV02-BA (I2OV/6OH2) or VRV02-BB 
(240V/50Hz) arm composed of tuio free-standing units plus a 
detachable keyboard. One of ' the units is a 19-inch (di£;gc:7ial 
measure) color CRT. The other is a Keyboard Interface containing 
standard VTIOO logic and a pouier supply. Both typer; of standard 
monitors can communicate with the host CPU over a standard serial 
line and can function as a standard terminal. The serial line 
does not connect to the VSVll/VSll logic* the u^9T must provide 
a standard interface for communications (DZli* D! 11* etc. ) 

In addition to the standard units* VSVll/VSll "building blocks" 
are available for constructing "extended" graphic systems. These 
extended systems can contain multiple Memory and Joystick 
channels* providing for high-resolution "dynamic" displays and/or 
attachment of multiple independent display monitors. 

Table 1-1 lists the standard VSVll and VSll graphic systems 
designations. Table 1-2 lists the model designations of the 
VSVll/VSll building blocks. 
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Table 1-1 
VSVll and VSll Graphics System Dtsignations 



DESIGNATION 
1 



LSI-11 Bus 



UNIBUS 



120V/60Hz! 240V/50Hz! 120V/60Kz 



240V/ SOH 2 



No. of ! 

Imagt t Display 
Memories! Monitor 



VSVll-AA ! VSVll-AB I VSll-AA 



VSli-AB 
VSll -AD 



1 

2 



None 



VSVll -AC J VSVll -AD } VSll -AC 



None 



VSVll -AE ! VSVll -AF I VSll-AE 
] I 



VSll-AF 



VTIOO I 
(BScW) 



VSVll -AH 



VSVll -AJ I VSll -AH 

I 
1 



VSll -A J 



VTIOO 
<BScW) 



VSVll -AP 



VSVll -AR I VSll-AP 



I 



VSll-AR 



VRV02 
(Coior ) 



VSVll -AS 



VSVll-AT \ VSll-AS 



VSll -AT 



VRV02 
<Color) I 
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Tabl* 1-2 
VSVll/VSll Building Block Hodtl Dtsignations 



DESIGNATION 



60 Hz 



I 50 Hz 



DESCRIPTION 



I VSVll-BA 
I 



VSVli-BB 



VSVll-AA/AB plu» DDVll-DK 9-Slot 
Backplane* Pouier Harness Adapter* Six 
07272 Grant Continuity Cards* Extended 
DBUS Data Cable* and M9403 LSI-11 Bus 
Connector with -t-lSV to ■»-12V Converter. 



VSll-BA 



VSil-BB 



VSV/11-AA/AB with DWli-EK UNIBUS to 

LSI-11 Bus Converter. Equivalent to 

VSll-AA/AB but with DDVll-DK 9-Slot 
Backplane. 



VSll-BC 



VSll-BD ! VSVll-AA/AB with DWll-A UNIBUS to 

I LSI-11 Bus Converter. The DWll-A 

i contains an M8217 bus converter module* 

t an M9401 bus connector* and two 

J BC05L-1A 16-foot 40-conductor ribbon 

! cables. With the addition of an H9273-A 

! backplane and LSI-11 expansion box* 

! such as BAll-N* this building block can 

• be used on a UNIBUS system. 



VSVll-MA 



M7062 Image Memory Module 



VSVll-SA 



VSVll-SB 



M7061 Sync Generator/Cursor 
Module plus Video Cablew 



Control 



VSVll-SC 



VSVll-SD 



M7061 Sync Generator/Cursor Control 
Module* Video Cables* and Joystick 
Pigtail Cable 



VSVll-SE 



VSVll-SF 



M7061 Sync Generator/Cursor Control 
Module* Video Cables* and Multi-Tap 
Joystick Pigtail Cable (for connecting 
a single H3060 Joystick to up to four 
M7061 modules) 



H3C6C 



Joust ick Asftomhlii 



VTIOO-LA 



VTIOO-LB 



Monochrome Monitor Terminal (same as 
VTIOO-AA/AB but with P40 phosphor) 



! VRV02-AA 



I 

I VRV02-BA 



VRV02-AB 
VRV02-BB 



19-inch Color Monitor (with no Keyboard 
or terminal logic) 



19-inch Color Monitor Terminal (with 
Keyboard and terminal logic) 
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1. 4 SPECIFICATIONS* 

1. 4. 1 Environmtntal Reqairtrntnt* 



Temp»r«turt 
Storage 
Operating 

Relative Humidity 



-40° to 66 ''C (-40 ''to ISO^'F) 
5®to 50°C < 40°to 120°F) 

10% to 95X noncondenfting 



1.4.2 Logic Power Requirements 





•«-5V 


2. 8 Amp 


M#x. 


M7064 


3. Amp 


M7062 


+5V 


1. 2 Amp 


1. 5 Amp 




+12V 


0. 006 Amp 
0. 45 Amp 


0. 01 Amp 
0. 5 Amp 


M7061 


■^5V 
+ 12V 


1. 2 Amp 
0. 11 Amp 


1. 5 Amp 
0. 15 Amp 


VSVll 


+5V 
+12V 


5. 2 Amp 
0. 56 Amp 


6. Amp 
0. 65 Amp 


M8217 


+5V 


2. 5 Amp 


3. Amp 


M9403 


+ 15V 


Equal to •i-12Vd 


c current 



drauin by ii7061 and 
M7062 modules. 



«« Supplied by M7061 



1.4.3 Sync Generator (M7061) 

(M7061 operating from crystal oscillator) 



Horizontal Frequency 

Scan Lines Per Frame 
60HZ Interlaced 
60HZ Noninterlaced 
50HZ Interlaced 
50HZ Noninterlaced 

Visible Lines Per Field 
60HZ Interlaced 
60HZ Noninterlaced 
50HZ Interlaced 
50HZ Noninterlaced 



15. 734 kHz + 0. 2% 



525 
525 
629 
629 



480 <2x240/Field) 

240 <lx240/Field) 

512 (2x256/Field) 

256 (Ix256/Field) 



» Specifications 9T9 subject to change without notice. 

1-9 



1. 4. 3. 1 Vid«o Output To VTIOO - 

Output Vidvo Voltag* 1. 2Vp-p> li 20% 

. Output Impcdanct 75 ± 9% 

Vidffo <Ris»* Fall) 25nft mai 

Sync (Ri5t# Fall Tin)*) 25ni max 

CVideo signal d«riv»d from Monochromv/Oretn (Composite Vid*o) 
output* but without mixtd vid^o input. 3 



1. 4. 3. 2 Monochrome/Green* Red« Blue Vidto Outputs - 

(R«d and Blua unconnectsd and unt»rminat»d will caus* both the 
VT-iOO and the Monochrome/Green (Composite Video) outputs to 
provide 16 levels of video. ) 

Monochrome operation with 16 oreu shades 
IR&l anl iLly± unterminated) 

Monochrome</Oreen) output EIA RS-170 

(From Composite Video Output) compatible 

Composite Sync 
with 16 video 
levels and mixed 
video input. 

Sync \Figure 1-2) EIA RS-170 

Compatible 

Sync Voltage 0.4V ± 20% 

Video Voltagei max 1. 2VP-P ± 20'/. 

(Figure 1-3) 

Output Impedance 75 ohms ± 10% 

Signal Transition Times 
(Figures 1-2 and 1-3) 
Sync (Risei Fall Time) 25ns max 
Video (Rise* Fall Time) 25ns max 

Red output Unconnected and 

Unterminated 

Blue output Unconnected and 

Unterminated 
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(Rtd and Blue tgrwinated fejjL 25 ohnit) 



(Monochrom»/)Gr»en Output 

(from Compositv Video Output) 



Sync (Figurt 1-2) 



Sync Voltage 

Video Voltage* Max. 
(Figure 1-3) 

Output Impedance 

Signal Transition Times 
(Figures 1-2 and 1-3) 
Sync (Rise.- Fall Time) 
Video (Rise* Fall Time) 

Red Output: 

2 video levels 

Output Impedance 
High State 
Low State 

Signal Transition Times 
(Figures 1-2 and 1-3) 
Video Risetime 
Video Falltime 

Blue Output: 

2 video levels 

Output Impedance 
High State 
Lou State 

Signal Transition Times 
(Figures 1-2 and 1-3) 
Video Risetime 
Video Falltime 



EIA RS-170 
compatible 
Composite Sync 
with 4 video 
levels* and 
mixed video 
input. 

EIA RS-170 
Compatible 

0. 4V ± 20V. 

1. 2VP-P ± 20y- 

75 Ohms + 10% 



25ns ms*! 
25ns max 

Low « O. 21 V max 
High ■ O. 93 V + 20% 



330 Ohms ± 10% 
30 Ohms max 



50ns max 
25ns max 

Low « 0. 21 V max 
High « 0. 93 V ± 20% 



330 Ohms ± 10% 
30 Ohms max 



50ns max 
25ns max 
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1. 4. 3. 3 Vidto Input Sc Mix»r Rtquirffmvntft - 



Vidvo Input Uavsform 

Input Frtquvncy Rang* 

Input Voltag* Rang* 

Sync <N»gativ*) 
Vidffo (Positiv*) 

Input Impcdanc* 
Bandwidth <Vidto Input 
To Vidto Output) 

Mixer Function 



RB-i70 
15.734 



0. 4V 
l.OV 



kHz ± 17. 

30% 
307. 



Video Input Registration 



75 ± 57. 

10 MHz 

Video Input is OR'ed 
with internally 
generated signal. 
Result is fed out 
through Composite 
(Monochrome/Green) 
Output and does not 
appear on the VTIOO 
output. 

See Figure 1-4 



1.4.4 Image Memory <M7062) 

Image Memory Resolution 

Output Pixel Rate 

Bits Per Pixel 

Input Data Rate to Image Memory 



Pixel Timing* P»r Line 
Visible Lines Timing 



512x512x2 Bits or 
512x256x4 Bits 

1 Pixel per 80 nsec. 

2 or 4 

1 Pixel per 640 nsec 
max 

See Figure 1-4 
See Figure 1-5 



1. 4. 5 Display Processor I/O (M7064) 

Data Transfer Mode 
Bus Loading 
Instruction Set 



LSI-n Bus NPR's 
1 Bus Load 
See Chapter 3 
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1.4.6 Monitor Specifications 

1. 4. 6. 1 VTIOO-LA/LB - 

Type Monochrome (Black it White) 

Size 12-inch# diagonal screen measure 

Phosphor P40 

Power 

VTIOO-LA 90-128 Vac tf 2.2 Amp 

VTIOO-LB 160-256 ^J»c « 1, 1 Amp 

1.4.6.2 VRV02-AA/AB - 

Type Colore R-C-B 

Size 19-inchi diagonal screen measure 

Phosphor Long-Persistence 

Power 

VRV02-AA lOe-132 Vac H 1. 1 Amp 

VRV02-AB 216-264 Vac 41 0. 6 Amp 

1. 4. 6. 3 VRV02-BA/BB - 

Type Colore R-O-B 

w/ Keyboard it Interface 

Size 19-inch# diagonal screen measure 

Phosphor Long-Persistence 

Power 

VRV02-AA 

CRT 108-132 Vac « 1. 1 Amp 
Keyboard Intf. 90-128 Vac #1.5 Amp 

VRV02-AB 

CRT 216-264 Vac tf O. 6 Amp 

Keyboard Intf. 180-256 Vac tf 0. 8 Amp 
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"1 

SYNC 
VOLTAGE 

i 



T 



90% 



MAX. VIDEO 
VOLTAGE 



BLANK 
LEVEL 



4)- 



SYNC LEVEL 
(0.0 VDC) 



FALL TIME- 




10% -- 



RISE TIME 



MA-1334 



Figure 1-2 
Compo»it* Video Output Waveform 
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7 METERS (25 FT) 
RG 179B/U 



a 



TO 

OSCILLOSCOPE 
OR 
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75n 



/// 



MR.1892 



Figure 1-3 
Coffiposite Video Test Setup 
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'GR 
0.80 /i SEC 




FRONT PORCH 
'1.589 MSEC 

■TCH 



-HORIZONTAL SYNC 
4.767 n SEC 




BACK PORCH- 
9.644 /I SEC 



I GRAPHICS 
I PIXEL 
J DATA 



HORIZONTAL BLANK" 
16.0 /i SEC 



TcH = DELAY TIME BETWEEN LEADING EDGE OF GRAPHIC SYNC 
AND EXTERNAL SYNC APPLIED AT VIDEO MIXER INPUT. 

Tqr= delay TIME BETWEEN LEADING EDGE OF H. BLANK TO 
LEADING EDGE OF FIRST GRAPHICS PIXEL. 



MR- 1336 



Figure 1-4 
Extffrnal Vidvo Input Rvgiitration 
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50 HZ OPERATION (NONINTERLACE SHOWN) 
256 VISIBLE LINES 



288 
314 



LINEO r 



256 



271 

272 
287 



1 l 26 1/2 



LINES 



> 256 VISIBLE LINES 



] \ 16 LIN 
] \ 16 LIN 



ES (MONITOR RETRACE) 



256 
262 

LINEO 



239 

240 
255 



] \ 6 1/2 LIN 



ES 



> 240 VISIBLE LINES 



> 16 LIN 



ES (MONITOR RETRACE) 



60 HZ OPERATION (NONINTERLACE SHOWN) 
240 VISIBLE LINES 



Figura 1-5 
Syittm Monitor Viiiblt Lin«» - 50/60 Hz 
(Noninttrlaced Optration) 



MR-1893 
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1. 5 RELATED DOCUMENTS 

The publications listed in Table 1-3 supplement 
in< this manual. 

Table 1-3 
Related Publications 



the information 



Publ ication 



Document Number 



i 



Remarks 



i VSVll Field 
I Maintenance 
! Print Set 



B-TC-VSVH-0-l 



I 

! VSll Field 

I Maintenance 

{ Print Set 

{ 



I 



Shipped with 
Unit 



I B-TC-VSl 1-0-1 
\ 



\ 



Shipped with 
Unit 



VTIOO User Guide S EK-VTIOO-UG 



Available in 
Hard Copy *<■ 



VTIOO Technical 
Manual 



EK-VTIOO-TM 



In Microfiche 
Library; ♦ 

Available in 
Hard Copy ♦♦ 



DWll UNIBUS-to- 
LSI-n Bus 
Converter 
Instal lation 
Guide 



EK-DWllA-IN 



Installation^ 
Operation and 
Ma 1 M veriaTic e 
t Manual for Model 
I HM-2719/2713 
! Color Monitor 



In Microfiche 
Library; » 

Available in 
Hard Copy ♦♦ 

Hitachi 
Publication. 

Shipped mith 
Color Systems 



« For information concerning microfiche libraries contact: 

Digital Equipment Corporation 
132 Parker Street 
Maynard. MA 01754 

*«These documents can be ordered from: 

Digital Equipment Corporation 
444 Whitney Street 
Northboro, MA 01532 

ATTN: Printing and Circulation Services (NR2/Mi5) 
Customer Services Section 
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CHAPTER 2 
VSVll/VSll INSTALLATION PROCEDURE 



The procedures in this Chapter are provided to alloui the Field 
Engineer to successfully install a VSVll Graphic System on an 
LSI-11 computer system or a VSll Graphic System on a PDP-11 or 
VAX-11 system. 

The detailed step-by-step procedure given in the following 
paragraphs applies to all standard V/SVll/VSll models u/hich 
contain only one M7061 Sync Generator module and one or two M7062 
Image Memory modules. For special "extended" conf igurations< 
containing 2 or more Sync Generator modules or 3 or more Image 
Memory modules refer first to Paragraph 2.8. Installation of 
these extended configurations can be carried out one memory/sync 
channel at a time* using the detailed procedures given in 
Paragraphs 2. 1 through 2. 6. 

The procedures given below standardize the installation and setup 
of VSVll/VSll systems such that any basic system# whether it uses 
one or two memory modules or must be set up to special customer 
requirementsi will contain one memory channel capable of 
displaying 16 colors or intensities. For the case of a single 
Image Memory module* illustrated in the block diagram of Figure 
2-l« the mode will be Non-Interlaced* with the memory supplying 4 
bits of pixel data in a 512 x 256 array. Uith two image memory 
modules* shown in Figure 2-2* the mode will be Interlaced* with 
each memory module supplying 2 bits of the 4 bits of pixel data 
in a 512 x 512 pixel arTa\^. Furthermore* standard settings for 
blink rate* cursor size and color* and operating frequency are 
used during initial installation. After the system is 
successfully installed using the standard setups* various 
optional changes can be made to tailor the system to customer 
needs (Paragraph 2.6). The use of a standard initial setup will 
facilitate troubleshooting should trouble occur. 

In order to install the standard units* the following steps are 
performed; they ar9 covered in detail in the succeeding 
paragraphs: 

1. Unpack and inventory the components. 



2. Inspect th« cofflputtr tyitvin and verify that appropriate 
spact and power mv availablti alto datarmina davica 
and vactor addrasiai to ba utad. 

a. Prapara tha dlflplay monitor (if luppllad) by verifying 
ac powar aalaction. Than* u«a tha keyboard SET-UP 
functions to sat initial operating parameters. 

4. Verify and/or set up the switches and jumpers on the 
logic modules to standard settings. (During initial 
installation! the system is set up to have one memory 
channel supplying 16 levels of color or intensity] 
standard settings »r9 also used for Cursor size and 
color* and for Blink rate. After initial checkout* 
customer changes can be made. ) 

3. If the unit is a VSll* install the DDVll-CK backplane 
and UNIBUS-to-LSI-ll Bus Converter. 

6. Perform initial shorts and power checks. 

7. Install the logic modules and DBUS Data Cable. 

8. Connect the Display Monitor and Joystick to the logic 
modules. 

9. Check out the system using the supplied diagnostic 
programs. 

10. If necessary* perform customer-requested set-up of 
optional functions via reconfiguration of switches and 
jumpers on the logic modulesi check these out using the 
diagnostic program. 

11. Perform final routing of cables and secure mounting box 
covers. 

12. Perform unit acceptance using the diagnostic program. 



Perform the installation by executing in sequence each of the 
activities described in the following paragraphs. If trouble is 
encountered during any step* refer to the troubleshooting 
procedures in Chapter 7. 
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Tuo-Mamorg Interlaced Installation Block Diagram 
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2. 1 UNPACKING 8c INVENTORY 

A. Obtain th« Shipping Lift for tht VSVll or VSll modtl at 
hand and verify that it ii uhat th« cuitomar ord«r»d. 

B. Open each carton. 

C. Turn to Appendix A of this manual and find the Parts/Data 
sheet for the VSVll or VSll at hand; there is one sheet 
for each available VSVll or VSll model type. 

D. Unpack each carton and verify that all pieces have been 
received by comparing against the parts list in the 
appropriate Parts/Data sheet. 



2. 2 SYSTEM INSPECTION 

A. Installation Site Considerations 

The follouiing items must be considered before the VSVll or 
VSll option can be installed: 

1. Physical and Electrical placement on the bus (LSI-ll 
Bus or UNIBUS)* uith respect to: 

(a) System Compatibility (LSI-11 Bus) — the VSVll 
cannot be installed on an LSI-11 system that has 
options uhich require the use of External Memory 
Refresh. 

(b) NPR Priority — place VSVll/VSll toward end of bus 
if possible. 

(c) Option mounting space requirements — refer to the 
appropriate Parts/Data sheet in Appendix A for 
physical space requirements. For example* a VSVll 
option requires 3 or 4 adjacent slots in an LSI-11 
Bus backplane* while a VSll option requires a 
quad-height SPC slot on the UNIBUS plus space for 
a 4-sloti hex-height DDVll-CK backplane in the 
same mounting box as the aforementioned SPC slot. 

2. Device Address and Interrupt Vector Address — The 
VSVll or VSll requires assignment of four consecutive 
device addresses (words) in the LSI-11 Bus or UNIBUS 
I/O Page. It requires a block of 4 interrupt vectors 
(8 words total) beginning on an address evenly 
divisible by 16 (20 octal* having bits 3-0 > 0). 

The "standard" VSVll/VSll device address* assigned by 
Digital Equipment Corporation* is 772000 for the first 
unit* 772010 for the second unit* etc. The VSVll/VSll 
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interrupt vectors mv officially assigned to the 
"floating" address space with a rank of 17. 

Iff on computer systems running softuiare designed to 
"Auto-configure" the interrupt vector addresses (such 
as VAX-VliS)* a device is placed at its standard device 
addressf the interrupt vector addresses of all other 
devices with louer rank in the floating vector space 
must be moved to higher addresses. For example/ if the 
VSll is added to a VAX system at its standard address 
(772000)« the vectors on any DZll's on the system must 
be moved. Thereforei in order to simplify installation 
it is recommended that the VSll device registers be 
placed at a non-standard address and use a non-standard 
interrupt vector address. The following Mve 
recommended (if they are not already being used): 

DEVICE ADDRESS (DPC) = 767010 (octal) 
1st INTERRUPT VECTOR = 720 (octal) 

Power Requirements 

(a) DC Power — Refer to the appropriate Parts/Data 
Sheet in Appendix A. 

(b) AC Power — The display monitor (CRT screen and 
associated eq.uipment} req.uires a source of primary 
ac power with GROUND and NEUTRAL the same as the 
mainframe computer system. Refer to the 
appropriate Parts/Data Sheet in Appendix A for 
outlet supply req.u7.rements. 

Monitor Placement — The placetuen^ cv the display 
monitor and joystick with respect to l-Kc VS^.'M/VS11 
logic in the host computer is limited by the length of 
Monitor (Video) and Joystick cables supplied. Refer to 
the Field Maintenance Print Set to determine the length 
of cable supplied (typically 25 feet). Of this length* 
allow about 7 feet for routing of the cable within the 
cabinet. For examplei with a 25 foot cable* the 
monitor can be placed up to 18 feet from the host 
mainframe. 

Serial Communications Connection (if Display Monitor* 
VTIOO-LA/LB or VRV02-BA/BB is supplied as part of the 
VSVll or VSll option) — Determine if the serial 
connection to the computer system will be by 20mA 
Current Loop (standard setup for VRV02-BA/BB) or by EIA 
RS-232 (standard for VTIOO-LA/LB). Also determine what 
baud rate will be used for serial communication. 
Verify that the appropriate customer-supplied 
communication cable is available. 
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B. Idtntify th» mounting box dcitin«d to r«c«iv« th» VSVll or 
VSll logic modules (and b«ckpl«n» if VSll) and varify that 
it maata tha raquiramanta of tha Contidarations givan 
abova. 

2. 3 EQUIPMENT PREPARATION 

A. Display Monitor Preparation 

If no monitor is included with tha V811/VSV11# proceed 
directly to Paragraph B. 

If the VSVil or VSll option being installed includes a 
Display Monitor (VTIOO-LA/LB or VRV02-BA/BB) # one of the 
follouiing procedures should be follouied. Proceed to Step 
A. 1 if the monitor is VTIOO-LA or VTlCX)-LBi or if the 
monitor is VRV02-BA or VRV02-BBi proceed to Step A. 2. 

A. 1 If VTIOO-LA or VTiOO-LB: 

1. Move the unit (CRT Monochrome Display Monitor* pouer 
cord* and Keyboard) to its assigned location. 

2. Check the Voltage Select switch on the rear of tha unit 
for proper setting: 

VTIOO-LA: 120V 
VTIOO-LB: 240V 

3. The standard interface is EIA RS-232 serial 
communications to the terminal interface on the host 
computer. If 20mA signal levels are req.uired« the 
VTIXX-AA 20mA Current Loop Option must be ordered; 
refer to the VTIOO USER GUIDE (EK-VTIOO-UO) for 
installation and checkout procedures. 

• 

4. Plug the coiled Keyboard connection cable into the 
KEYBOARD receptacle (phone jack) at the rear of the CRT 
Monitor cabinet. 

3. Attach the power cord to the 3-pin receptacle at the 
rear of the CRT Monitor cabinet* and plug the other end 
into the designated source of primary ac power. 

6. Turn the power ON with the toggle switch at tha rear of 
the CRT Monitor cabinet and allow several seconds for 
warm-up. 

7. Press the SETUP key on the keyboard; tha recognizable 
SETUP frame should appear. Place the unit in LOCAL 
mode ("4" key) and press SETUP again. Type a few keys 
and verify that tha corresponding characters appear on 
the screen. 
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8. R«f»rring to th» 
Ci set the monito 
user requirement 
Transmit and Re 
uiiM be used for 
mainframe compu 
specifically conf 
at hand* these a 
the 4th option gr 
Non-Interlace" o 
group of SETUP-B) 
Table 2-1. 



SETUP guidelines pre 
r features according 
s. Spec if ically« 
ceive baud rates mus 
the serial communica 
ter. Tuo Setup 
igured for the model 
re the '^50/60H2" opt 
oup of SETUP-B) and 
ption (last digit 
These must be set 



sented in Appendix 
to VSVll/VSll and 
note that the 

t match those that 

tion link to the 
options must be 
of VSVll or VSll 

ion (last digit of 

the "Interlace/ 

of the 3rd option 

up as shobin in 



Table 2-1 
VTIOO-LA/LB Set-Up 



Model 



50/60HZ 



Inter lac e/Non- In ter lace 



VSVll-AE 
VSll-AE 



60Hz 

(4 xxxO) 



Non-Interlace 
(3 xxxO) 



VSVll-AF 
VSll-AF 



50Hz 

(4 xxxl ) 



Non-Interlace 
(3 xxxO) 



VSVll -AH 
VSll -AH 



60Hz 

(4 xxxO) 



Interlace 
(3 xxxl ) 



VSVll -A J 
VSll -A J 



50Hz 

(4 xxxl) 



Interlace 
(3 xxxl) 



When all SETUP parameters have been selected* press the 
"SHIFT" and "S" keys simultaneously (uihile i;:ill in 
SETUP mode) to store the parameters. 



i\j. 



rroceed to Paragraph tf. 
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A. 2 If VRV02-BA or VRV02-BB: 

1. Mov« th« unit (CRT Color Display Monitori Keyboard 
Inttrfaca Assembly* two pouar cords/ and Keyboard) to 
its assigned location. 

2. The standard interface is 20mA serial coflHnuni cat ions to 
the terminal interface on the host computer. If EIA 
RS-232 signal levels mrm required* turn to Appendix B 
and follow the conversion procedure described there. 

3. Check the Voltage Select suiitch on the rear of the 
Keyboard Interface unit for proper setting: 

VRVOl-BA: 120V 
VRV02-BB: 240V 

4. Plug the coiled Keyboard connection cable into the 
receptacle (phone jack) at the lower right on the front 
of the CRT Monitor cabinet. 

9. Connect the cable exiting the rear of the CRT Monitor 
cabinet to the KEYBOARD jack on the Keyboard Interface 
unit. 

6. The CRT Monitor and the Keyboard Interf ce are each 
supplied with an ac power cord. Connect ie respective 
power cord to the rear of each unit (3-pin receptacle) 
and to the source of ac power. Note again that the 
Ground and Neutral conductors of the ac outlets must be 
the same as those for the mainframe computer system. 

7. Qttain the 4-conductor Monitor Coaxial cable assembly 
(with BNC connectors on both ends) and identify the 
conductor marked with the black band. Temporarily 
connect this conductor between the VIDEO OUT BNC jack 
on the Keyboard Interface unit and one of the GREEN 
inputs on the Tear of the CRT Monitor cabinet. 

8. Make sure that the two toggle switches on the rear of 
the CRT Monitor cabinet are both UP ("7S OHM" and 
"COMP. SYNC"). 

9. Turn the power ON with the toggle switch at the front 
of the CRT Monitor cabinet and the toggle switch on the 
Keyboard Interface unit. Allow several seconds for 
warm-up. 

10. Press the SETUP key on the keyboard; the recognizable 
SETUP frame should appear. Place the unit in LOCAL 
mode ("4" key) and press SETUP again. Type a few keys 
and verify that the corresponding characters appear on 
the screen. 
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11. R«ftrring to 
Ct s«t th» mo 
user require 
Transmit and 
mill bff usad 
mainframa c 
ipacif ical ly 
at hand; t 
digit of op 
"Intarlaca/No 
option group 
shoun in Tabl 



thff SETUP guide 
nitor features 
ments. Specif 

Receive baud 
for the serial 
omputer. Tuo 
configured for 
hese mrw the 
tion group 4 
n-Interlace" o 
3 under SETUP-B 
e 2>2. 



lines presented in Appendix 

according to VSVll/VSll and 

icallyi note that the 

rates must match those that 

communication link to the 

Setup options must be 

the model of VSVll or VSll 

"50/60HZ" option (the last 

under SETUP-B > and the 

ption (the last digit of 

). These must be set up as 



Table 2-2 
VRV02-BA/BB Set-Up 



Model 1 50/60HZ 1 Inter lace/Non-Inter lace 1 

J ! 


II a 
1 1 1 

VSVll-AP : 60H2 1 Non^Interiace 1 

VSll-AP 1 (4 xxxO) 5 (3 xxxO) S 

__— . _____ • _______ _ • _________ _ ______ ______ •■ 


____ ____ J __ _ , _ ____ _ ______ _____ _ ^ 

VSVll-AR ! 30Hz i Non-Interlace ! 

VSll-AR ! (4 xxxl) i (3 xxxO) i 
___ ___ __ • _______ __ • __ _ __ __ ___ • 


___ ___ __ 1 _______ __ J _ _ _________ __ ___ 1 

VSVll-AS 1 60Hz 1 Interlace 1 

VSll-AS 1 (4 xxxO) 1 (3 xxxl) 1 

_ ________ « ______ ___ « __ __ _____ ______ ____ • 


^^'"— 1 — — ^ _ ^__ J _ __ _4^1_^ ^ ___ J 

VSVll-AT 1 50Hz 1 Interlace 1 

VSll-AT 1 (4 xxxl) 1 (3 xxxM 1 

1 i I 
1 1 1 



12. When all SETUP parameters have been selecl'«3df ,:ross the 
"SHIFT" and "S" keys simultaneously (while still in 
SETUP mode) to store the parameters. 

13. Leave the monitor ON to alloui for the 30-minute uiarm-up 
time required for accurate graphic displays. 

14. Proceed to Paragraph B. 
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B. Modul* Sctup/Vsrif ication 

Th« logic modulvi uttd in th« VSVll or V811 av prtpartd 
for initallation as follouii: 

B. 1 M7064 Display Procassor Modula 

Tha M7064 ii tha VSVll/VSll intarfaca to tha host 
computer's bus. As such« it contains a sat of four davica 
ragistars and can ganarata four consacutiva interrupt 
vectors. Tha address of tha set of device registers is 
selected by configuring the switches on DlP-Switch pack 
E31j the address of the set of interrupt vectors is 
selected by configuring the switches on DlP-Suiitch pack 
E43. Figures 2-3 and 2-4 illustrate the selection of the 
Device Address and Vector* respectively. Figure 2-9 
illustrates the M7064 modulei showing the locations of tha 
DIP-Suiitch packs. 

Refer to the Considerations given in Paragraph 2.2 to 
assign the Device Address and Interrupt vector. 

Figures 2-3 through 2-9 give the switch settings for a 
Device Address (DPC) of 772010 and an Interrupt Vector 
Address of 320. 



NOTE 

If the switches ikT9 of the "rocker" type* a switch 
is OFF if it is pushed in at tha bottom (red line 
showing on top)j it is ON if it is pushed in at 
the top. 



Uhen the assignments have baan made* record the information 
for future reference. 
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Figure 2-3 
Device Address Selection 
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Figure 2-4 
Vector Address Selection 
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Figurt 2-9 
M7064 Display Proctssor Module 
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B. 2 M7062 Imag* Memory Modul«(s) 

Image Mtmorg s«tup d«p«nds upon the modal of VSVll or VSll 



bting installad< dapanding 
modules mv^ prasent. If ona 
for 4 bits* Non-Intarlacad. 
for 4 bits* operating in tha 
module handling tuio bits. 



upon whether one or two M7062 

module ie used< it is sat up 

If two mvm usedi the setup is 

Interlaced mode* with each 



If the unit contains Qn± M7062 module <VSV11/VS11-AA, -AB, 
-AE* -AFi -APi -AR)/ refer to Figure 2-6 and configure tha 
switches on DIP-Switch packs E99 and E49 according to Table 
2-3. 



NOTE 

If the switches av of the "rocker" type« a switch 
is OFF if it is pushed in at the bottom (red line 
showing on top); it is ON if it is pushed in at 
the top. 



Table 2-3 
M7062 Switch Settings (Single Memory) 



Switch No. 


E59 


E49 1 


1 


OFF 


OFF i 


2 


OFF 


OFF { 


3 


ON 


» 
ON ! 


4 


ON 


ON i 


5 


' ON 


ON 1 


6 


ON 


ON \ 


7 


. OFF 


OFF 1 


e 


OFF 


OFF 


9 


OFF 


OFF 1 


10 


OFF 


OFF 1 

1 

1 



Note* as a double check* that the switches on ES9 and E49 
are set identically. 

On all M7062 modules* regardless of VSVll/VSll model* 
verify the following jumpers: 

Wl* M2* WS. and W6 Installed 
W3 and W4 Removed 
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Figure 2-6 
M7062 Image Mufnory Module 



MR.1816 
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If the unit contains two 
-AH, -AJi -ASt -AT)# 
installed on at Itast on 
locations E76 and E77. I 
insti>llad« taka ona of th 
and dasignata- this 
C'Hodula 1"). Remova tha 
on tha other N7062 and 
("Module 2"). Refer to 
suiitches on DlP-switch 
according to Table 2-4. 



M70&2 modules (VSVll/VSll-AC, -AD, 

verify that resistor packs mrm 

e of the M7062 modules at IC 

f both modules have resistor packs 

a modules with the packs installed 

the "first" M7062 Image Hemorg 

resistor packs from E76 and E77 

designate this the "second" M7062 

Figure 2-6 and configure the 

packs E59 and E49 on the modules 



NOTE 

If the suiitches aT9 of the "rocker" type, a switch 
is OFF if it is pushed in at the bottom (red line 
showing on top); it is ON if it is pushed in at 
the top. 



Table 2-4 
M7062 Switch Settings (Dual Memo; y ) 



I 





Module 1 


i Module 2 ! 


Switch No. 


E59 1 E49 

1 


1 E59 1 E49 1 
i i i 


1 


• 

1 1 

ON 1 ON . 


i ! ! 
! ON I ON *. 


2 


ON I ON 

1 1 


! ON i ON ! 

i 1 1 


3 


i 1 

ON i ON 


1 1 1 
{ OFF 1 OFF 1 


4 


ON I ON 


! OFF 1 OFF 5 
1 1 1 


3 


1 
OFF ! OFF 


i i • 

i ON ! ON \ 


6 


OFF I OFF 


I ON ! ON i 
1 • 1 


7 


1 
' OFF S OFF 


1 1 1 
J OFF 1 OFF I 


8 


. OFF 1 OFF 


} OFF 1 OFF 1 


9 


1 OFF } OFF 


1 OFF { OFF J 


10 


1 OFF ! OFF 

1 ! 


! OFF \ OFF 1 

1 1 1 s 



Note that within a single module, the switches on E59 and 
E49 should be set identically. 

On all M7062 modules, regardless of VSVll/VSll model, 
verify the following jumpers: 

Wl, W2, W9. and U6 Installed 
W3 and W4 Removed 
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B. 3 M7061 Sync Gcnsrator Modul* 

Setup of th« iiiiitchcs and jump*r« on th« M7061 d»p«nd« on 
th« sptcific VSVll or VSll model at handi matup ii 
diractly ralatad to uhathar ona 117062 Iisaga Haniory modula 
is baing usad or two h7062 Imaga Mamory modulas »t9 baing 
uiadf uhathar a Ditplay Monitor (VTIOO-LA/LB or 
VRV02-BA/BB) is supplied uiith tha systaii« and uhathar tha 
ac pouar frequency is 60Hz or 90Hz. 

Figure 2-7 illustrates the locations of the CIP-Suitch pack 
(E21) and the various jumpers. There mv eight tables 
presented belQUi# listing the switch and jumper settings for 
each VSVll and VSll model as follows: 



Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 



2-5 

2-6 

2-7 

2-8 

2-9 

2-10 

2-11 

2-12 



VSVll-AA, VSll-AA 



VSVll-AB. 
VSVll -AC, 
VSVll -AD, 
VSVll-AE. 
VSVll-AF, 
VSVll-AH, 
VSVll -A J. 



VSll-AB 

VSll -AC 

VSll -AD 

VSll-AE, 

VSll-AF, 

VSll-AHi 

VSll-AJ, 



VSVll-AP. 
VSVll-AR, 
VSVll-AS, 
VSVll-AT, 



VSll-AP 
VSll-AR 
VSll-AS 
VSll -AT 



Determine the model number of the unit being installed and 
proceed to the appropriate table; refer to Figure 2-7 and 
set the switches and jumpers as specified. After all 
switches and jumpers have been configured and verified, 
proceed to step B. 4 

Note that models without a supplied monitor < VSVll /VSll-AA, 
"AB, -AC. and -AD) are set up for Internal Sync, while all 
other models av set up for External Sync. Furthermore, 
models with one K7062 Imaga Memory module are set up for 
Non-Interlaced mode, while models with two M7062 Image 
Memory modules are set up for Non-Interlaced mode. 



NOTE 

If the switches art of the "rocker" type, a switch 
is OFF if it is pushed in at the bottom (red line 
showing on top); it is ON if it is pushed in at 
the top. 
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Figure 2-7 
H7061 Sync Gcntrator Module 
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Tablt 2-3 
M706t Switch St Jumper Sttup for VSVll/VSll-AA 
C60Hz Systvms w/ On* (1) H7062 Imag* Mcnory and 
No Supplied Monitor! 



1 E21 Switch No. 

1 1 


Setting 1 


i Jumper 

1 
i 


No. 


1 
1 


State 


i 1 

: 1 1 


OFF I 


i Ul 






OUT 


! 2 1 

i ] 


ON i 


: W2 

\ U3 






IN 
OUT 


! 3 1 

i 4 


ON ! 


\ U4 






IN 


1 1 

S 4 1 


OFF 1 


: U9 






OUT 


5 1 


ON I 


: U6 

! W7 






IN 
OUT 


! 6 


ON ! 


\ ua 






IN 


• 

1 7 1 


OFF 1 


: WIG 






IN 


I 8 
1 


ON 1 


! Mil 






IN 


1 

{ 9 


ON 1 


i W12 






IN 


{ 10 
1 

1 
1 

{ 

1 
1 

1 

1 
1 


ON \ 


! WI13 
I W14 

! U16 
{ W17 

! W19 

: W21 

i W22 




S 


IN 
IN 

IN 
IN 

IN 

OUT 
IN 


I 








» 





NOTE: Jumpers W9« U13. WIS. and W20 do not exist, 
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Tabic 2-6 
M706i Switch St Jumper Setup for VSVli/VSll-AB 
CSOHz Systems w/ One (1) M7062 Imege Memory and 
No Supplied Monitor] 



! E21 Switch No. 

1 


Setting *. 


1 
} 


Jumper No. 


State i 

1 


1 
1 

! 1 


ON 1 




Ul 


OUT I 


\ 2 


1 OFF \ 




W2 


IN : 


1 
1 






U3 


• OUT ! 


{ 3 

i 


ON S 




W4 


IN 


1 

! 4 


OFF 




W3 


OUT 1 


: 5 


I ON 1 




W6 


IN : 


• 

1 






W7 


OUT 1 


1 6 
i 


ON i 




we 


IN i 


i 

7 


OFF 1 




WIO 


IN ! 


! 8 J 


ON \ 




Wll 


IN i 


1 

9 


ON ! 




W12 


IN ! 


1 10 

1 ( 

1 
1 

1 
1 


ON 1 




W13 
W14 

W16 


IN ! 
IN 1 

IN i 


{ 

I 

5 
1 

1 

1 
• 

! 


1 J 




W17 

W19 

W21 
W22 


IN 

1 
IN { 

' OUT 1 
' IN ! 

! 1 


NOTE: Jumpers W9i 


WIS. W18« 


and 


W20 do not exist. 
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Tabl* 2-7 
M7061 Switch ti Jumptr S«tup for VSVil/VSll-AC 
C60HZ Systsmt w/ Two (2) M7062 Ifiiag* M«aiori«« and 
No Supplied Monitor! 



1 E21 Switch 


No. i Setting 1 


i Jumper 


No. 


J 


State 1 












? 




i 1 




1 OFF J 


! Wl 






OUT { 


i 2 




1 ON i 


1 W2 
! U3 






IN \ 
OUT ! 


1 3 




J OFF \ 


i V44 






IN 1 


! 4 




1 OFF \ 


: U3 






OUT ! 


: 3 




\ ON i 


i W6 
I W7 






IN i 
OUT I 


! 6 




S ON I 


i W8 






IN i 


J 7 




\ OFF ! 


i WIO 






IN { 


\ 8 




{ ON 1 


\ Ull 






IN S 


1 9 




I ON i 


1 Ui2 






IN { 


I 10 




1 ON i 


! W13 
.' W14 

! W16 
I W17 

! Ui9 

\ W2i 
i W22 




\ 


IN S 
IN { 

IN 1 
IN ! 

IN \ 

OUT 1 
IN ! 


NOTE: 


Jumpers U9. U19i WIS. < 


■nd W20 do 


not 


exist. 
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Tablt 2-8 
M7061 Switch & Jumper Sttup for VSVl 1/VSli-AD 
CSOHz SyittNit III/ Two (2) M7062 Iinaga Mcmorivs and 
No Supplied Monitor! 



! E21 Switch No. \ Sitting I I Jumper No. I State ! 



t 



1 

2 



\ 



ON 
OFF 



Wl 
W2 



I 



OUT 
IN 





1 1 


W3 1 


OUT J 


3 


OFF } 1 

• 1 


W4 


IN \ 
1 


4 


1 1 
OFF i 


U9 


1 
OUT 1 


3 


ON i 


U6 1 


IN : 




{ 


W7 


OUT ! 


6 


ON : 

1 


W8 


IN ! 
• 


7 


OFF 


WIG 


• 
IN ! 


8 


ON 1 

• 


Wll 


IN 1 

j 


9 


1 
ON ! 


. W12 


IN i 


10 


ON i 


> W13 


IN ! 




1 < 
1 1 


W14 


IN \ 




• 


. W16 


1 

. IN : 




1 
i 


W17 


' IN J 




1 i 
1 1 

1 • 


. W19 


IW \ 
1 i 




1 t 

1 1 

1 1 


I W21 


1 « 
! OUT ! 




1 ! 
1 1 


1 W22 


' IN ! 



NOTE: 



Jumpers W9# W15« W18« and W20 do not exist. 



2-21 



Tabic 2-9 
M7061 Switch & Jumper Sstup for V8V11/VS11-AE« -AP 
C60HZ System! w/ On* (1) 117062 Imaga Memory and 
Suppliad Monitor <VT100-LA or VRV02-BA)3 



E21 Switch No. I Satting i 



Jumper No. I State 



1 

2 



7 

a 

9 
10 



OFF 
ON 

ON 

OFF 
ON 

ON 

ON 
OFF 

ON 
OFF 



Wl 
W2 
U3 
U4 

U9 
U6 
W7 

we 

WIG 
Wll 

W12 
W13 
W14 

W16 
W17 

W19 

W21 
M22 





OUT 




IN 




IN 




IN 








OUT 




IN 




OUT 




IN 




IN 




IN 




IN 




IN 




IN 








IN 




IN 



I IN 

1 

\ OUT 

! IN 



NOTE: Jumpers W9 



W19, WlSi and W20 do not exist. 
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Tabl* 2-10 
M7061 Switch & Jumpvr Satup for VSVll/VSll-AF/ ~AR 
CSOHz Sy«t«ffl« w/ On* (1) M7062 Image Mamory and 
Supplied Monitor (VT100~LB or VRV02-BB>3 



} E21 Switch 


No. ! 


Setting 1 1 


Jumper 


No. ] 

< 

< 


State 1 

! 












1 


1 
t 


t 1 






ON 1 


Wl 


1 


OUT ! 


2 






OFF { 


U2 
W3 




IN ! 
IN 1 


: 3 






ON i 


W4 




IN ! 

1 


! 4 






OFF i 


U5 




1 
OUT 1 


{ 5 






ON \ 


i W6 
W7 




IN ! 
OUT J 


{ 6 






ON i 


W8 




IN 'i 

1 


J 7 






ON : 


UIO 




1 

IN : 


! 8 






OFF 1 


Wll 




IN : 


J 9 






ON i 


U12 




IN 


! 10 






OFF 1 


Ui3 
U14 

W16 




IN i 

IN ! 

1 
1 

IN ! 










W17 




IN i 
1 










W19 




1 
7N 










W21 




1 
OUT '. 








1 


W22 




IN S 
! 


NOTE: 


Jump arc W9f 


WIS. WIS. anc 


1 U20 do 


not exitt. 
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Tahl* 2-11 
M7061 Switch Sc Jumpvr 8«tup for 
C60HZ Syctmn* ui/ Two (2) M7062 
Supplied Monitor (VTIOO-LA 



V8V11/V811-AH* -AS 
Image Mtoiorios and 
or VRV02-BA)3 



i E21 Switch 


No. 


1 Setting t 
1 ? 




Jumper 


No. 


I 

J, 


State \ 


! 1 
1 2 

> 3 






1 1 
1 OFF 1 
1 ON I 

OFF J 




Wl 
U2 
U3 
W4 






OUT \ 
IN I 
IN } 
IN 1 


: 4 
\ 3 

\ 6 






1 OFF J 
1 ON i 

ON \ 




US 
W6 
W7 
U8 






OUT \ 
IN 

OUT I 
IN 1 


\ 7 

: 8 


- 




1 ON : 
1 OFF \ 




UIO 
Wll 






IN I 
IN : 


5 9 
i 10 






\ ON ! 
1 OFF S 




M12 

yi3 

U14 

W16 
W17 

W19 






IN 
IN 
IN { 

IN S 

IN \ 

IN i 


J 






1 i 




W21 
W22 






OUT \ 
IN 1 


NOTE: 


Jumpers W9j 


WIS, WlSi 


and 


W20 do 


not 


exist. 
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T«bl« 2-12 
H7061 Switch Ic Jumpmr 8«tup for 
C90HZ Systtffls ui/ Tuo (2) M7062 
Supplied Monitor (VTIOO-LB 



VSVll/VSll-AJi -AT 
Ifliagv Memories and 
or VRV02-BB>3 



\ E21 Switch No. 


Setting { 




Jumper No. 


1 State 










1 












1 1 


1 ON \ 




Wl 


OUT 


i 2 


OFF \ 




U2 


IN 








U3 


IN 


! 3 


OFF \ 




W4 


IN 












! 4 


OFF { 




W5 


OUT 


1 5 


ON 1 




U6 


IN 








W7 i 


OUT 


! 6 


ON 




W8 


IN 








* 




1 7 


ON 




WiO 


IN 


! 8 


OFF \ 




Wll 


IN 


{ 9 


ON i 




W12 


IN 


i 10 


OFF i 




W13 


IN 








W14 

W16 
W17 

W19 

W21 


t IN 

IN 
IN 

IN 

1 OUT 


{ 


\ 


1 
-J.. 


W22 


! IN 



NOTE: Jumpers W9« W13. W18. and U20 do not exist. 



B. 4 M8217 UNIBUS to LSI-11 Bus Converter Module (VSll Only) 

The M8217 contains a Bus-Grant Jumper Plug. If the BR 
level on the plug does not correspond to the desired VSll 
BR leveli remove the plug and install one of the desired 
level. 
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2. 4 OPTION INSTALLATION 

A. At this point* tak* th« tin* to familiarizt yourislf with 
th« VSVll and VSll Fi«ld Mainttnanc* Print Sat thippad with 
tha unit. Sp«cifically« impact tha follouiing drawinga: 

C--IC~VSVll-0'4 (Intarconnaction Diagram) 
D-UA-VSVl 1-0-0 (Unit As«amblv> 
D-UA-VSH-O-O (Unit Aasambly) 

In addition* if tha unit ii a VSll* bacoma familiar with 
Figuraa 2-S through 2-12 in this taction dapicting tha 
mounting of tha DDVll-CK backplana in various typas of 
mounting boxes. Tha DUll Installation Guida* EK-DUllA-IN* 
can also ba consulted if dasirad. 



B. If tha unit baing installed is a VSll* perform tha 
following steps: 

1. Mount tha DDVll-CK in tha designated mounting box 
(refer to Figures 2-8 through 2-11 for the type of box 
at hand). Although not illustrated* installation of 
tha DDVll-CK into a BAll-A box is similar to that for 
the BAll-K. 

2. Connect the power harness to the nearest outlet on the 
mounting box dc power distribution block. If tha box 
is a BAll-F or BAll-P* use the Power Harness Adapter 
Cable (#70-16830) as an extension in order to reach the 
block. 

3. Test for shorts between the following backplane Power 
and Ground pins: 

A2 (Any slot) » +3V 

C2* Tl (Any slot) = GROUND 

SI (Slot 1* Rows A or B) > -t-isv 

D2 (Any slot* Rows A thru D) > ■M2V 

U2 (Row E* slot 1) =» -SV 

4. Install a 07272 Grant Continuity Card in slots A2 and 
A3 of tha DDVll-CK backplane (Figure 2-12). 



NOTE 

Make certain that the Grant Continuity Card is 
a G7272 . for use on tha LSI-11 Bus* and NOT a 
G727 UNIBUS Grant Continuity Card. Use of a 
G727 will prevent proper bus operation. 
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Locate the SPC slot on the UNIBUS designated to hold 
the M8217 UNIBUS to LSI-ll Bus Converter Module and 
remove the NPG jumper between backplane pins CAi and 
CBl (i.e./ pins Al and Bl in Row C of the UNIBUS 
backplane slot). 



Refer to drawing 
BC05L-06 cables 
(Jl and J2). 



D-UA-VSl 1-0-0 and connect the two 
to the connectors on the M8217 module 



7. Install the M8217 module into the UNIBUS SPC slot 
(Figure 2-12). 

8. Refer to drawing D-UA- VS 1 1 -0-0 and connect the two 
BC05L-06 cables to the M9403 Connector Module. Note 
that the cable connected to the Top connector on the 
M8217 (Jl* nearest the handle of the module) connects 
to the Bottom connector on the M9403 (Jli nearest the 
finger end of the module) and vice versa. When both 
modules arm facing the same direction and in the same 
orientation! the cables should be together with no 
twists. 



Install the M9403 module into 
DDVll-CK backplane (Figure 2-12) 



slots Ml-Bl of the 



10. Turn on system power and verify that the following 
voltages arm present on the DDV/11-CK and within ±5X of 
vheir nominal values: 

••-SVdc (Pin A2« any slot) 
■MSVdc (Pin ASli slot 1) 
-»-12Vdc (Pin CD2, slot 1) 

Note the level of the +12Vdc signal; if it is out of 
rangei the regulator on the M9403 must be adjusted by 
turning the potentiometer near the handle of the M9403. 



11. Verify that the computer system's UNIBUS 
(i.e.! that the computer can be "booted** 
programs). 



is not hung 
md run normal 



12. Power the system down and proceed to the next step. 



2-27 




SYSTEM UNIT 

POWER 
DISTRIBUTION 
PANEL (NOTE) 



BACKPLANE 

POWER 

HARNESS 



HARNESS 
EXTENSION 



FRONT 



DDV11 BACKPLANE ASSEMBLY rqW-^ 1 




BA11-FB0X 



BACKPLANE 
PINS 



'^ 



MOUNTING 
SCREWS 



NOTE: 

THE DW11 OPTION CANNOT BE INSTALLED 
INTO PDP-1 1/45 PROCESSORS WITH SERIAL 
NUMBERS BELOW 2000 BECAUSE OF THE 
DIFFERENT TYPE CONNECTORS ON THE 
SYSTEM UNIT POWER DISTRIBUTION 
PANEL. 



Figure 2-8 
Installing DDVll-CK Backplant Into BAll-F Box 
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TOP COVER 



SYSTEM 

UNIT 

POWER LATCH 

DISTRIBUTION 

PANEL 

BACKPLANE 

POWER -.^|,^-:^>UJ 
HARNESS ^^:>^ UT^ 

(/ HARNESS 
U EXTENSION 



^ 



BACKPLANE 

MOUNTING 

SCREWS 



DDV11 
BACKPLANE 
ASSEMBLY 



ROW-> 1 




BLOWER 



BA11-PB0X 
(REAR VIEW) 



LATCH 



MR-0733 



Figur* 2-9 
Installing DDVll-CK Backplane Into BAll-P Box 
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FRONT 



DDV11 BACKPLANE ASSEMBLY 



MOUNTING 
SCREWS 



BACKPLANE 
PINS 



BACKPLANE 

POWER 

HARNESS 




SYSTEM UNIT 
POWER DISTRIBUTION ^UPPLIES 

PANEL 



BA11-KB0X 

(SHOWN TILTED 

UPWARD 90") 



MR-0734 



Figure 2-10 
Installing DDVll-CK Backplane Into BAll-K Box 
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CARD 

CAGE 
MOUNTING 
HOLES (8) 



BA11-L 
CARD 
CAGE 



EXISTING 



SYSTEM UNIT 

POWER 
DISTRIBUTION 

PANEL 



BACKPLANE 
POWER 



BACKPLANE (NOTE) HARNESS 



e o 
o « 
o o 





e o o o 
o o o e 
e o e o o 








e 
o 
o 





o 

O 










O O O 
O O O 
O o o o 




BACKPLANE 
ASSEMBLY 
MOUNTING 
HOLES (4) 



CARD 

CAGE 
MOUNTING 
HOLES (8) 



BAll-L 
BOX 



H777 POWER SUPPLY 



NOTE: 

THE EXISTING BACKPLANE CAN OCCUPY 
EITHER THE UPPER OR LOWER BACK- 
PLANE POSITION ON THE CARD CAGE. 



Figure 2-11 
Installing DDVll-CK Backplane Into BAll-L Box 
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PDP-11 PROCESSOR 
MODULES 



M8217 
INSTALLED 
INSPC 
SLOT 



^9^02 BC05L-06 

INSTALLED p.R, p^ 

IN SLOTS ^^^'-^^ 

A AND BOF 

ROW 1 

GRANT CONTINUITY 
CARDS (NOTE 2) 

TEV11 (M9400-YB) 

INSTALLED 

IN SLOT NEXT TO 

AND AFTER LAST 

PERIPHERAL MODULE 



NOTES: 

1. IF UNIBUS BACKPLANE IS A DD11-B, -C, 
-D, OR P. THE BACKPLANE MUST BE AT 
THE PROPER REVISION LEVEL. 

2. IF THESE SLOTS ARE UNUSED, G7272 
GRANT CONTINUITY CARDS MUST BE 
INSTALLED HERE. 




UNIBUS 
BACKPLANE 
(NOTE 1) 



DDV11-CK 
BACKPLANE 



M7061 
M7062 
M7064 



MR-1825 



Figur* 2-12 
VSll Graphic Systvni Ba«ic Configuration 
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Module Set Installation 

The VSVll/VSll module set (M7061. M7062. M7064) is 
installed in a backplane with two distinct buses: an 
LSI-11 Bus# and a •*C-D Interconnect". If the system is a 
VSVll* the modules *t9 installed in an H9273-A backplane 
(or equivalent)* illustrated in Figure 2-13. This 
backplane contains nine rows* each with four slots. The A 
and B slots are wired according to the LSI-11 Bus 
Specification; the VSVll interfaces to the host computer 
via these signals. The first backplane row can contain 
either a central processor unit or « connector extending 
the bus from another backplane. If the first row contains 
a CPUi jumpers Ul through W3 must remain installedi if the 
first row contains a bus connector* jumpers W2 and U3 must 
be removed. The connectors in slots C and D have no 
connections to the LSI-11 Bus. Rather* C- and D-Slot pins 
on side 2 of each row avB connected to the C- and D-Slot 
pins on side 1 in the next lower row. This "C-D 
Interconnect" carries the Video Bus signals of the VSV/11. 

VSll systems use the DDVll-CK backplane* illustrated in 
Figure 2-14. This backplane also provide^ two distinct 
buses: an LSI-11 Bus (slots Ai B* C* and D^ and a Video 
Bus (slots E and F* the "C-D Interconnecf* ). The VSll 
modules must use the Video Bus* slots E and F* and 
therefore must connect to the LSI-11 Bus in the C and D 
slots. Although the A-B slots can be used for other 
dual-height LSI-11 Bus interface modules* it is recommended 
that this not be done. 

Figures 2-12 and 2-15 illustrate the configuration of 
modules within the DDVll backplane* while Figures 2-16 and 
2-17 illustrate the configuration of modules vji'cMn the 
H9273 backplane. Note that in all cases* the VSVll/VSll 
modules must be adjacent to provide the proper 
interconnect. 

The VSVll/VSll module set is further interconnected via the 
40-conductor DBUS Data Cable connected to each module. 
Figure 2-18 illustrates the arrangement of the cable and 
its connection to each module* and Figure 2-19 shows the 
DBUS connector pin assignments. 

Referring to Figures 2-12 through 2-18 and Unit Assembly 
drawing D-UA-VSV 11-0-0* install the VSVll/VSll module set 
into the designated backplane (DDVll-CK for VSll* existing 
LSI-11-BUS backplane for VSVU) as follows: 

1. Make sure system power is OFF. 

2. Locate the modules (M7061* M7064* and one or two M7062) 
and the DBUS Data Cable (#70-15987). 
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3. Refer to Figure 2-18 and insert one end of the DBUS 
cable into the 40-pin header (J4) on the M7061 module) 
the red locating etripe on the cable should be near the 
UU-VV end of the header. 

4. Insert the M7061 into its designated backplane roiii (in 
VSVll systems* Figure 2-16 or 2-17« this row will be 
nearest the LSI-11 processor! in VSll systems* Figure 
2-12 or 2-19* this is Row 1* Slots C through F* of the 
DDVll-CK). 

9. Locate the M7062 Image Memory module with resistor 
packs installed in locations E76 and E77 (in some 
VSVll/VSll systems* this will be the only M7062). If 
only one M7062 is being installed* insert the second 
"tap" connector (of the two "tap" connectors that are 
on the cable) of the DBUS cable (as counted from the 
end inserted into the M7061) into the 40-pin header 
(Jl) on the M7062* with the red locating stripe located 
nearest header pins UU-VV. If two M7062 modules av 
being installed* insert the first tap connector of the 
DBUS cable (the one nearest the M7061) into M7062 
header Jl. 

6. Refer to Figures 2-12 and 2-15 through 2-17 and insert 
the M7062 into the backplane row adjar^^nt to and 
"downstream" from the M7061 (i.e.* the next 
higher-numbered row). 

7. If a second M7062 Image Memory is being installed (it 
should have the resistor packs removed from positions 
E76 and E77)* install the second DBUS cable connector 
tap into header Jl (red locating stripe near header 
pins UU-W); refer to Figure 2-15 (VSll) or 2-17 
(VSVll) and install the M7062 in the backplane row 
adjacent to the first M7062. 

8. Insert the free end of the DBUS cable into 40-pin 
header Jl on the M7064 (with the red locating stripe on 
the cable nearest to header pins UU-VV) and insert the 
M7064 into the next backplane row. For VSll systems* 
this will be row 3 in the DDVll-CK if one M7062 Image 
Memory was installed* (Figure 2-12) and row 4 if two 
M7062's were installed (Figure 2-15). 

9. If the unit is a VSVll* make sure that the end of the 
LSI-11 Bus contains the proper terminator (in case the 
terminator had to be moved in order to install the 
VSVll) and that a G7272 Grant Continuity card is 
installed in any unused LSI-11 Bus backplane slots. 

10. If the unit is a VSll. install the TEVll terminator 
module (M9400-YA) in DDVll-CK Row 4 (Slots C-D if one 
M7062 was installed* Figure 2-12; or Slots A-B if two 
M7062's were installed* Figure 2-15). Make sure that 
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G7272 ( not 0727) Grant Continuity cards are installed 
in slots A2 and A3 (i. e. « Row 2 slot A/ and Row 3 slot 
A) of the DDVll-CK. 

11. Verify that there is not a short circuit between +5Vdc 
and Ground on the backplane. Do not check for shorts 
on the other voltages (use of an ohmmeter could cause 
circuit damage if the pins are driven with the wrong 
polarity ). 



12. 



Proceed to Step D. 



ROW 1 
ROW 2 



ROW 6 
ROW 7 
ROWS 
ROW 9 



LSI 11 BUS 
CONNECTOR 1 



VIDEO BUS 
CONNECTOR 2 



SLOT A 



SLOT B 



SLOTC 



SLOTD 



0-W1-0 



0-W2-0 



OW3-0 



} L 



] c 



r ■■ ■ —1 


t 


1 ■ ) 




t 


1 1 




I 1 




1 1 




1 1 




1 1 




1 1 




1 1 



1 I 



































VIEW IS FROM MODULE SIDE OF CONNECTORS. 



Figure 2-13 
H9273-A Backplane Connectors 



LSI n BUS 
B C 



VIDEO BUS 
E F 



HIGHEST 
PBIOHITY 



t 



LOWEST 
PRIORITY 



3 



3 



CHAINED 



NOTES 

1 THE M9403 MODULE OCCUPIES SLOTS 
A AND B OF ROW ) 

2 SIDE 2 PINS OF THE E F SLOTS ARE 
WIRED TO SIDE 1 PINS OF THE E F 
SLOT THAT FOLLOWS 

3. SLOTS EF ABE FOR LSI 1 1 PERIPHERAL 
MODULE SETS THAT REQUIRE THE 
DAISY CHAINED BUS. 

4. VIEW OF DOVII'CK IS FROM MODULE 
SIDE. 



Figure 2-14 
DDVll-CK Backplane Connectors 
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PDP-11 PROCESSOR 
MODULES 



M8217 
INSTALLED 
INSPC 
SLOT 



M9403 BC05L-06 

INSTALLED CABLES 
IN SLOTS 
A AND B 
OF ROW 1. 

GRANT CONTINUITY 
CARDS (NOTE 2) 

TEV11 (M9400-YB) 

INSTALLED 

IN SLOT NEXT TO 

AND AFTER LAST 

PERIPHERAL MODULE 




UNIBUS 
BACKPLANE 
NOTE 1) 



DDV11-CK 
BACKPLANE 

M7061 

M7062 

M7062 (NOTE 3) 

M7064 



NOTES: 

1. IF UNIBUS BACKPLANE IS A DD1-B, -C, 
-D, OR -P, THE BACKPLANE MUST BE AT 
THE PROPER REVISION LEVEL. 

2. IF THESE SLOTS ARE UNUSED, G7272 
GRANT CuNTINUJTY CARDS MUST BE 
INSTALLED HERE. 

3. REMOVE THE TERMINATOR RESISTOR 
PACKS FROM THIS M7062. 



MR-ia26 



Figure 2-15 
VSll Graphic System 2-Me(nory Configuration 
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ROW 1 
ROW 2 
ROW 3 
ROW 4 



ROW 9 





SLOT A 




SLOTB 


SLOTC 


SLOTD 


























m 


1 


1 1 


1 




















SYNC GEN/CURSOR (M7061) 








II 












IMAGE MEMORY (M7062) 


























DISPLAY PROCESSOR {M7064} 
























1 




























I 




























1 


























_„ 


1 




























I 



























Figure 2-16 
VSVll Graphic System Basic Module Configuration 



ROW 1 
ROW 2 
ROW 3 
ROW 4 
ROWS 



ROW 9 





SLOT A 




SLOT B SLOT C 


SLOTD 




1 












f 
i 






_j j_ 


II II 




















SYNC GEN/CURSOR IM7061) 
















IMAGE MEMORY (M7062) 














IMAGE MEMORY (M7062) 














DISPLAY PROCESSOR (M7064) 
















ZD C 


II II 


















HI C 


II II 


















ZD C 


II 11 


















Z3 C 


1 1 II 















TERMINATOR RESISTOR 
^ PACKS ARE INSTALLED 
ON THIS MODULE ONLY. 

REMOVE'RESISTOR PACKS 
FROM THIS MODULE. 



Figure 2-17 
VSVll Graphic System 2-Memory Module Configuration 
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JOYSTICK 



LOCATING STRIPE 




NOTE: 

IN SYSTEMS WITH ONE M7062, 
THE FIRST OBUS "TAP" 
CONNECTOR IS NOT USED. 



IMAGE 
MEMORY 



SYNC GEN CURSOR 



Figuv 2-18 
VSii/VSVll Module Set Arrangamsnt 
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DBUS Connector Pin Assignments 
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Pouiar up th« syitcai and verify that tha following voltagat 
mrm prasant (within a ±5X tolaranca) on tha backplana: 

1. '••SVdCi pin A2 of any ilot 

2. '•■12Vdci pin 02 of all slots housing tha LSI-11 Bua 
portion of tha 117061 and M7062 modulas (i.a. i pins AD2 
and BD2 of a q.uad-haight LSI-li backplana; or pins CD2 
and DD2 of tha DDVll-CK). 

3. -3Vdc. U2 of all slots housing tha "Slot C" portion of 
the M7061 and M7062 modules (i.e. # pin CU2 of a 
quad-height LSI-ll backplane; or pin EU2 of the 
DDVll-CK). 

4. Verify that the host computer's bus is not hong 
(processor can be booted and run normal programs). 

5. Proceed to Step E. 



E. Monitor Connection 

The video monitor is connected to the VSVll/VSll system at 
connector Jl on the M7061 Sync Generator module. Figure 
2-20 shows the connector signal pinning# and Figure 2-7 
shows its placement on the module. To Jl is attached a 
S-conductor coaxial "pigtail" cabla# with an AMP connector 
on the module end and BNC connectors on the other end. The 
long 4-conductor coaxial Monitor cable* with BNC connectors 
at both ends« attaches to the pigtail cable. Figure 2-21 
illustrates the cables. Various of the conductors ars 
usedi depending upon the type of monitor being connected. 

When connecting the monitor to the systemi refer to Figures 
2-22 through 2-24 and to drawings D-UA-VSV 1 1 -0-0 and 
C-IC-VSVl 1-0-4. Sheets 1 and 2# in order to aid in cable 
and connection identification. 

The procedure used for connecting the Display Monitor to 
the VSVll/VSll logic depends upon the model of the unit at 
hand. If a Display Monitor was not supplied with the 
system (VSVli/VSll-AA* =AB« =AC. or -AD>. proceed to Step 
E. 1. If a VTIOO-LA or VTIOO-LB was supplied 
(VSVll/VSll-AEi -AF. -AH, or AJ). proceed to Step E. 2. If 
a VRV02-BA or VRV02-BB was supplied (VSVll/VSll-AP, -AR, 
-ASi or -AT)* proceed to Step E. 3. 
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Figure 2-20 
M7061 Video Connector Jl Pinning 
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Figure 2-21 
Video Cables 



2-41 



E. 1 Connictlon of Cuitoin»r-Suppli«d Monitor — r«f«rrlng to 
Figurt 2-22« txvcutt tht following ittptf th«n proc»»d to 
Step F. 

1. Identify th« 2-foot 9-Conductor coaiial pigtail cabla 
with BNC connectors on on* end and an AMP connector on 
tha other (P/N 17-00193)i and the long 4-conductor 
coaxial Monitor cable uiith BNC connector! on both ends. 

2. Identify the conductor marked uiith the black locating 
marker (band) on each cable* this is conductor #1* 
uiith corresponding BNC connectors Jl and PI. Refer to 
drawing D-UA-VSV 11-0-0 and# counting from the Jl-Pl 
conductorsi identify the J3-P3 conductors] connect J3 
on the 2-foot pigtail cable to PI on the Monitor cable. 

3. The other conductors and BNC connectors of each cable 
av numbered in sequence from #1 when the cables are 
laid flat. 

4. If the customer-supplied monitor is Monochrome (black 
and white)* refer to Figure 2-22 and connect BNC 
connector Jl of the Monitor cable to the video input of 
the monitor. Alternatively* depending upon monitor 
type* pigtail conductor #1 (VTIOO-QUT) could be used 
for the video signal* in which case connect Jl of the 
pigtail cable to PI of the Monitor cable. "^^en connect 
Jl on the other end of the Monitor cable .j the video 
input of the monitor. 

5. If the customer-supplied monitor is Color* connect J3f 
J4 and J5 of the pigtail cable to PI* P2 and P3* 
respectively* on the Monitor cable. Then connect Jl* 
J2 and J3 at the other end of the Monitor cable to the 
COMPOSITE VIDEO (GREEN)* BLUE* and RED inputs* 
respectively* of the monitor. 

6. Verify that the video input(s) to the monitor are 
terminated in 75 ohms. 

7. Observe the Key and/or "O" and "S" markings on the AMP 
connector on the pigtail cable. Insert the AMP 
connector into header Jl on the M7061 Sync Generator 
module* with the "G" marking nearest the the module. 

8. Proceed to Step F. 
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Figure 2-22 
Monochrome Composite Video Monitor Installation 
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E. 2 Connection of VTIOO-LA/LB — rtf«rring to Figure 2-23* 
•xtcutc the following sttpsi then procttd to Step F. 

1. Identify the 2-foot 3-Conductor coaxial pigtail cable 
with BNC connectors on one end and an AMP connector on 
the other (P/N 17-00193)# and the long 4-conductor 
coaxial Monitor cable with BNC connectors on both ends. 

2. Identify the conductor marked with the black locating 
marker (band) on each cablej this is conductor #1« 
with corresponding BNC connectors Jl and PI. Refer to 
drawing D-UA-VSV 11-0-0 and drawing C-IC-VSVl 1-0-4, 
sheet li and connect Jl on the pigtail cable to PI on 
the Monitor cable. Similarly/ connect J2 to P2 (the 
connectors adjacent to Jl and PI when the cable is laid 
flat). 

3. Connect the "Jl" BNC connector on the Monitor cable to 
the "VIDEO IN" connector on the VTIOO-LA/LB. 
Similarlyi connect the "J2" BNC connector to the 
"VIDEO OUT" connector on the VTIOO-LA/LB. 

4. Observe the Key and/or "G" and "S" markings on the AMP 
connector on the pigtail cable. Insert the AMP 
connector into header Jl on the M7061 Sync Generator 
module/ with the "G" marking nearest the the module. 

5. Proceed to Step F. 
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E. 3 Connection of VRV02-BA/BB — r«f»rring to Figur* 2-24. 
•xccut* tht following st»pi# then proceed to step F. 

1. Identify the 2-foot 3-Conductor coaxial pigtail cable 
with BNC connector! on one end and an AMP connector on 
the other (P/N 17-00193)# and the long 4-conductor 
coaxial Monitor cable with BNC connectors on both ends. 

2. Identify the conductor marked with the black locating 
marker (band) on each cablei this is conductor #1» 
with corresponding BNC connectors Jl and PI. When the 
cables are laid flat the conductors and BNC connectors 
are numbered in order from #1 (the conductor with the 
black band). Refer to drawing D-UA-VSV 11-0-0. 

3. Refer to drawing C-IC-VSVl 1-0-4. sheet 2. and connect 
J3 on the pigtail cable to PI on the Monitor cable. 
Connect the other end of this conductor (with the black 
band) to one of the GREEN inputs on the rear of the CRT 
monitor cabinet. 

4. Connect J4 and J3 of the pigtail cable to P2 and P3( 
respectively. of the Monitor cable. Then connect J2 
and J3 at the other end of the Monitor cal)le to the 
BLUE. and RED inputs, respectively, at the rear of the 
CRT monitor cabinet. 

5. Connect J2 on the pigtail cable to P4 on the Monitor 
cable; then conn(»ct the other end of this conductor to 
the "VIDEO OUT" connector on the VRV02 Keyboard 
Interface box. 

6. Observe the Key and/or "0" and "S" markings on the AMP 
connector on ^;he pigtail cable. Insert the AMP 
connector into header Jl on the M7061 Sync Generator 
module, with the "G" marking nearest the the module. 

7. Proceed to Step F. 
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Figure 2-24 
VRV02-BA/BB Color Monitor Installation 
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Joyitick (H3060) Connection 

Th« H3060 Joyitick it connsctftd to th» VSVll/VSll system at 
10-pin connector J3 on the n7061 modulei via a Joystick 
pigtail cable and a long cable attached to the Joystick 
itself. The pigtail cable has a Berg-type connector on the 
module end and a Cinch connector on the end connecting to 
the Joystick cable. Figure 2-29 illustrates the J3 
connector pinning* and Figure 2-26 illustrates the H3060 
Joystick and its cable. 

Refer to drawings C-IC-VSVl 1-04 and D-UA-VSV 11-0-0 and 
connect the Joystick pigtail cable (P/N 70-15822) to J3 of 
the M7061 Sync Generator module (uiith the label "UP" facing 
out from the module). Then connect and secure the Cinch 
connectors on the pigtail and the cable attached to the 
H3060 Joystick assembly. Then proceed to Step G. 
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Figure 2-25 
Joystick Connector Pin Assignments 
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Figure 2-26 
H3060 Joystick Assembly 



If the monitor uias supplied with the VSVll/VSll/ connect 
the serial communication cable between the COMh connector 
on the monitor and the host computer. 
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2. 5 CHECKOUT 

Make surv system and monitor pou;er is ON and load the VSVll/VSll 
test program CCWSA for PDP-11 and LSI-11 systems; EVTCB (Level 

3 Diagnostic) for VAX systems] and perform the following checkout 

procedure. If trouble arises* or if adjustments need to be made 

(e.g.* to the M7061 Sync Generator or the monitor)* refer to 

Chapter 7* Tables 7-1 and 7-2. for troubleshooting and adjustment 
procedures. 

A. Initial Checks and Adjustments 

If the system being installed is a VSVl 1/VSl 1-AA, -AB, -AC, 
or -AD. there arc no initial adjustments required (since 
sync is generated internally by a crystal oscillator). 
therefore. proceed directly to Step B and begin checkout 
using the diagnostic program. 

If the system is supplied uiith a monitor, the External Sync 
mode of operation is being used and initial adjustments may 
be required. Proceed as folloujs: 

1. Refer to Figure 2-7 and locate on the M7061 module 
potentiometer R48. the control for adjusting the input 
gain for the external sync signal (suppl-.ed from the 
VRV02 Keyboard Interface box or from tn i VTIOO). Set 
this potentiometer to the middle of its range. 12.5 
turns from either end of its travel. 

2. If the system is a VSVl 1/VSl 1-AE. -AF, -AH or -AJ 
(supplied uith VTIOO-LA/LB monochrome monitor)* proceed 
to Step B. since further adjustment requires the 
services of the diagnostic program. If a color monitor 
( VRV02-BA/BQ ) is being used, proceed to the next step 
below. 

3. Uith power on but the CPU initialized. turn up the 
brightness contrast controls (fully clockwise) on the 
front of the display monitor. 

4. Observe the screen. A raster (many fine parallel 
horizontal lines) should be observed. In addition* a 
"sync tab" (short blanked block at the center of the 
lower edge of the screen) should be observed. Press 
the SET-UP key on the VRV02 keyboard; the standard 
set-up frame should be visible. If no raster or set-up 
frame is visible, refer to Table 7-2. the Video and 
VRV02 troubleshooting chart, in Chapter 7 and recheck 
the cabling, monitor power, etc. 

5. Perform the adjustment procedure given in Paragraph 7.5 
to properly adjust potentiometers R4S and R9 on the 
M7061 module. This procedure requires the use of an 
oscilloscope and it is highly recommended that the 
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procedure be followed for proper setup. If an 
oscilloscope is not available/ adjust potentiometer R9 
until the image is stable. If the image cannot be 
stabilized by adjusting only R9# also adjust R48 but do 
not turn it too far clockwise as this uiill decrease the 
input gain and lead ta unstable timing. If the image 
cannot be stablized/ refer to the troubleshooting 
procedures in Table 7-2. When the raster and set-up 
frame are stable* proceed to Step B. 

Basic Logic Checkout 

Run the basic (default) series of tests for the unit. 
Follow the loading and operating procedures supplied in the 
program listing. The progr«3m should run two passes of 
Tests 1 through 32 without error. The examples given below 
show the typical sequence of operations used for running 
the programs. In the examples^ typed entries to be 
supplied by the operator arts underlined; prompts and other 
output from the Diagnostic Supervisor are not underlined 
and should not be typed. Enter a Carriage Return wKe.i tde 
<cr> symbol is given. After two passes of the test 
sequence have been run< proceed to Step C. 



For PDP-11 or LSI-11 systemsi the following procedure 
should be used: 

1. Boot the diagnostic medium and answer any questions 
presented. 

2. Load and initiate the VSVll/VSll test program by 
typ ing : 

• 0. CWSA<:cr> 

3. When the program is loaded and initiated* it will 
identify itself and respond with the "DR>" prompt. 

4. To start the basic section of tests* respond to the 
prompt by typing: 

DR> ST A/FLA: HOE: PNT<:cr> 

5. The supervisor will respond with questions asking for 
the VSll hardware parameters: number of units (answer 
"l">i device (DPC) address* interrupt vector address, 
BR level* whether a Lookup Table <LUT) is installed* 
and whether the unit is running in 50Hz mode. Answer 
these appropriately* either by typing in a new entry 
followed by a carriage return* or by just typing a 
carriage return to keep the entry already present. A 
typical sequence would be: 
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CHANGE HW <L) ? Y<cr> 

# UNITS (D) ? l<cr> 

UNIT 

DEVICE ADDRESS (0) 172010 ? 172Q00<cr> (S»l»ct 172000) 

1ST INTERRUPT VECTOR (0) 320 ? <cr> (Keep 320) 

INTERRUPT PRIORITY (0) 4 ? 6<cr> (Change to BR6) 

LUT INSTALLED (L) N ? <cr> (Not Available) 

FREQUENCY = 50HZ (L) N ? <cr> (Keep 60Hz) 

The program will then ask if softuiare operating 
parameters are to be changed; answer NO by typing 
N<cr> . 

6. The tests will run in sequence^ with the number and 
namie of each test printed as it is executed. If an 
error is encountered* control will return to the 
diagnostic supervisor after the error report is 
printed. 

7. If it is desired to stop the test sequence at any timei 
type Control-C (hold the CTRL key down and type Q.); 
control will return to the Diagnostic Supervisor. In 
order to restart the program without changing the 
hardware parameters* type: 

DR> RES/FLA: HOE: PNT 



For VAX systems* the following procedure should be used: 

1. Boot the diagnostic medium containing the Diagnostic 
Supervisor and the VSll Level 3 Diagnostic* EVTCB. 

2. The Diagnostic Supervisor will load and initiate 
itself. It will issue an identification message and 
the "DS>" prompt. 

3. Following the prompt* load the VSll Diagnostic by 
typ ing: 

DS> LOAD EVTCB<cr> 

4. When the program is loaded* the supervisor will again 
respond with the "DS>" prompt. 

5. Proceed to set up the operating environment by 
ATTACHing the UNIBUS Adapter (DW780) and the VSll to 
the supervisor by typing the following (the DS> prompts 
aT9 shown for clarity but should not be typed): 

DS> ATTACH DU780 SB I DUO 3 4<cr> 

DS> ATTACH VSll DUO VSO 767010 720 6 N N N<cr> 

DS> 
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Note that the parameters given in the ATTach strings 
ar9 an example; the actual parameters entered may be 
different. Also, if it is desired that the "long" form 
of tha Attach commands be usedi in uhich each parameter 
is listed in sequence uiith a uiait for a specific reply, 
merely type ATT<cr> and answer each question. 

6. Select the VSll for testing by typing: 
DS> SELECT VSO<cr> 

7. It is recommended that the program be run in "Trace" 
mode (allowing the name of each test in the program to 
be printed as it is initiated) with "Halt on Error" 
enabled. Do this by typing: 

DS> SEI FLAG TRACE, HALT<cr> 

8. Start the test sequence by typing: 
DS> START/PASS: 2<:cr> 



Configuration Checkout 

Run T'EST 35, the "Configuration Typeout" test in the 
Standalone section of the Diagnostic Program. 

For the PDP-11, start the test by typing: 

DR> RES/TE5: 35<:cr> 

For the VAX, start the test by typing: 
DS> ST/TE: 35/SEC: STANDALONE 



Observe the resultant printout. Each Image Memory channel 
and Sync Generator channel detected by the program is 
listed, along with various parameters. For this test, 
there should be one Memory channel (channel 0), with 4 bits 
of data, with a "MEMTAB" value of 001700. There should 
also be one Sync channel (channel 0). The "SYCTAB" value 
and the "NON-INTERLACED" or "INTERLACED" message depend 
upon the specific model of VSVll/VSll at hand. For systems 
with one M7062 Image Memory, verify that the SYCTAB value 
is 100000 and "NON-INTERLACED". For systems with two M7062 
Image Memories, the SYCTAB value should be 120000 and 
"INTERLACED" 
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The correct printout for systems with one M7062 Image 
Memory module is: 

MEMORY: 0. MEMTAB VAL: 001700, 4 BITS 

SYNC CHAN: 0. SYCTAB VAL: 100000, NON-INTERLACED 



The correct printout for systems with two M7062 Image 
Memory modules is: 

MEMORY: 0, MEMTAB VAL: 001700, 4 BITS 

SYNC CHAN: 0, SYCTAB VAL: 120000, INTERLACED 



Return to the diagnostic supervisor by typing Control-C. 



Video Checkout 

In order to checkout and verify the operation of the 
generation, transmission, and display of video data, 
perform the following steps: 

1. Run TEST 34, "SELECTED DISPLAYS", in the Diagnostic. 

FoT the PDP-11, start the test by typing: 

DR> RES/TE5: 34<cr> 

For the VAX, start the test by typing: 
DS> ST/TE: 34 /SEC: STANDALONE 



2. Observe the "menu" of available displays and select 
each one in order, beginning at item #3. Observe the 
display monitor carefully after each selection. If a 
display is not seen, adjust the brightness and/or 
contrast on the monitor. Many of the displays have a 
perimeter outline, which should be about 9.5 inches 
square and should be centered on the screen. If the 
display is not as expected, or lacks quality, refer to 
the troubleshooting procedures in Chapter 7. 

3. For each selection (except 0, 1 and 2), the display 
should be stable and present the picture described in 
the menu. 

4. For color monitors, select item 7 and verify that the 
proper colors correspond to the labels. 
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5. Verify the BLINK feature by alternately selecting items 
1 (BLINK ON) and 2 (BLINK OFF) uhile displaying each of 
the pictures in items 3 through 8. When BLINK is 0N» 
any White line or area (on a color monitor) should 
blink on and off 4 times per second. Spec if ical ly^ in 
any display u/ith a perimeter outline of the screen/ the 
outline should blink. Further^ in display #6« any 
color (shade on Monochrome systems) uiith LSB GRN 
(Least- significant GREEN bit) set should blink. 

6. If the monitor is a VTIOO-LA/LB or VRV02-BA/BB.. select 
item #5 (Crosshatch) and press the SET-UP key on the 
keyboard to display the familiar set-up frame. The 
video intensity of the Crosshatch should be equal to 
the intensity of the characters in the set-up frame. 
If the intensities are not eq.ual# refer to Paragraph 
7.5 and Table 7-2 (Chapter 7) and adjust potentiometers 
R48 and R9 on the M7061 module. 

7. If R48 and/or R9 had to be adjusted in the previous 
stepi repeat steps 2> 5 and 4 and observe the picfcuPw 
quality. If the quality is not acceptable/ further 
adjustments to the monitor and/or M7Ct»l may be 
required. Refer to Table 7-2. 

8. Select Item #9 of Test 34 (solid uihite square) to check 
a VRV02 monitor's color balance. There are two color 
balances luhich must be properly adjusted to obtain a 
white display over a range of contrast control 
settings. The first consists of the Brightness uihite 
balance; and the second is Contrast tuhite balance. 
White balance is determined by displaying the white 
square and then observing the square for color changes 
while adjusting the front-panel Contrast control over 
its lower range. You can expect the display to bleed 
or become fuzzy at high settings of this control. If 
not appreciable' variation of the white square is 
observed/ both adjustments are properly balanced. If 
the display color does vary/ refer to the white balance 
adjustment procedures in Table 7-2. 

9. Type Control-C to return to the Diagnostic Supervisor 
and proceed to the next step. 
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Joystick Checkout 

In order to check out the Joystick and associated logic* 
run TEST 33 and perform the following steps: 

1. Start the test by typing: 

DR> RES/TES: 33<cr> (for PDP-11) 

or 
DS> ST/TE: 33/5EC: ST (for VAX) 

2. Observe that the cursor (a small white "cross") is 
placed near the lower left-hand corner of the screen 
and that it is indeed small and white. 

3. In the upper right-hand corner of the screen aT9 
displayed the cursor X-Y coordinates. Verify that both 
JSX and JSY read 0100. 

4. The screen should contain a set of concentric boxes 
with position labels along the sides. 

5. Operate the Joystick lever; the cursor should move in 
response to the direction of lever position and the 
displayed coordinates should change accord igly. 

6. Verify the Joystick SWITCH interrupt by moving the 
cursor to a blank area of the screen and pressing one 
of the rectangular switches on the Joystick assembly on 
either side of the lever. Uhen the switch is pressed* 
a small "X" should appear at the cursor position. 

7. Move the cursor* press the switch again and verify that 
the "X" now appears at the new cursor position. 

8. Move the cursor onto one of the lines of one of the 
boxes and press the Joystick switch. The "X" should 
appear at that position and the word "MATCH" should 
appear below the display coordinates at the upper 
right. One of the coordinates should correspond to the 
label on the line where the cursor is positioned. 

9. Verify that a MATCH occurs when the cursor is moved 
into the solid white box in the center of the screen 
and the switch is pressed. 

10. Verify that the cursor does not drift when the Joystick 

lever is in its center (rest) position. If drift 

occurs* the trimming potentiometers on the Joystick 
assembly should be adjusted. 
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11. Exit the Joystick test by typing Control-C and proceed 
to the next step. 



Terminal Test 

If the monitor uias supplied uiith the VSVil/VSil system/ it 
should function as a normal computer terminal. Verify that 
this is so by running the appropriate terminal diagnostic 
on the host computer or* alternat ively> just logging in and 
performing some useful functions. 



G. System Test 

For PDP-11 and LSI-11 systems, the VSVll/VSll is supplied 
u/ith a DEC-X/ii System Exerciser module. Configure a 
DEC-X/11 System Exerciser including all devices in the 
system and run it until a complete "relocation cycle" 
through memory is made. 

For VAX-11 systems, the VSll Level 2 diagnostic, EVTCA, is 
supplied. This program runs under VMS and is similar to 
the Level 3 diagnostic used above. EVTCA contains 16 tests 
in the Default section corresponding to some of the tests 
in the Default section of EVTCD. It also contains a 
Joystick Verification test and a Selected Displays test. 
Operation is almost identical to that for the Level 3 
program, except that the ATTACH statement does not contain 
specifications for DPU-Only mode. Long Memory Tests, or 
Freq.uency. Run the Default section for 2 passes. Then 
perform Video Checkout and Joystick Checkout as in Steps D 
and E above, respectively. 
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2. 6 CUSTOMER CONFIGURATION 

The procedures presented in the preceeding paragraphs ujill leave 
the VSVll/VSll system set up in the optimum general-purpose 
configuration. It is recommended that it be left this may. The 
customer may electi houeveri to make use of the optional 
functionality built into the VSVll/VSll, such as: 

1. Cursor Size. Large full-screen cursor versus the 
standard small cursor^ 

2. Cursor Color: Greeni Green + Blue* or Green ■♦■ Red* 
versus the standard White# 

3. Blink Rate: Can be slouied to 2 times per secondi once 
every second* or once every 2 seconds* versus the 
standard 4 times per second* 

4. Video Output DAC Control: 8 Shades/Colors* whereby the 
least- significant Green bit CBlink Data] is ignored* 
versus the standard 16 Shades/Colors* 

5. Dual Non-interlaced Image Memory Channels (each tuith 
512 X 256 4-bit pixels) versus one Interlaced channel 
(with 512 X 512 4-bit pixels) for "dynamics" on systems 
with two M7062 Image Memory modules* 

6. Interlaced Operation versus the standard Non-interlaced 
mode* for systems with a single M7062 Image Memory for 
finer spacial resolution <5i2 x 512 pixels) at the 
expense of pixel intensity resolution (2 bits per 
pixel). This change would most likely be useful only in 
a Monochrome (Black St Uhite) system. 

If no changes are to be made* proceed directly to Paragraph 2.7 
to perform acceptance on the system. 

The following paragraphs discuss the changes that can be made. 
If the customer does elect any of the options* the conversions 
should be performed at this time* by changing switch and jumper 
settings on the M7061 and M7062 modules using the procedures 
described in the following paragraphs. After all changes have 
been made* record the final switch and jumper settings for future 
reference. Then perform checkout of the VSVll/VSll system as 
described in Paragraph 2.6.4. 



2.6.1 Available Configuration Changes 



Table 2-13 lists the functions available on the M7061 Sync 
Generator module* the corresponding switch and jumper settings* 
and how they were set to the standard configurations in the 
previous procedures. If changes are being made* remove power 
from the system* remove the M7061 module and make the desired 
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changes; refer to Table 2-13/ Figure 2-7, and the following 
list. If the Image Memory configuration is being changed, also 
refer to Paragraph 2.6.2 or 2.6.3. Take care not to disturb the 
switch and jumper settings of functions not being changed. 

There avB four types of functions selected by the switches and 
jumpers listed in Table 2-13: 

1. Fixed Functions, which should not be changed from the 
settings given. These are: 

(a) RS170-In Cain 

<b) Special Scan 

(c) Master/Slave 

(d) Channel Number 

2. Model-Independent Functions, which can be selected 
according to customer preference using the settings 
given in Table 2-13 without changing the basic 
functioning of the system. These are: 

(a) Cursor Color 
( b ) Cursor Si re 

(c) Blink Rate 

(d) Video Output DAC Control 

3. Monitor-Dependent Functions, which can be changed if the 
monitor is supplied with the VSVll/VSll (i.e., if the 
monitor is a VTIOO-LA/LB or VRV02-BA/BB) or if the 
customer-supplied monitor is compatible with the desired 
changes. These aTB: 

<a) Operating Frequency (Field Rate): Can be 
changed from 60 Hz to 50 Hz or vice-versa by 
changing switches E21-1 and E21-2 and changing 
the frequency of the monitor by using the 
SET-UP operation (see Appendix C). This 
change would most likely be used on a 60 Hz 
system if 256 (Non-interlaced) or 512 
(Interlaced) visible scan lines are desired, 
as opposed to the normal 240 or 480 visible 
scan lines. In a 50 Hz system, flicker can be 
reduced in the Interlaced mode by running the 
monitor at 60 Hz, but the number of visible 
scan lines is reduced from 512 to 480. 

(b) SYNC Timing Base: The normal External mode 
used with the supplied VRV02-BA/BB Color 
Monitor can be changed to Internal mode if it 
is not desired that the Keyboard output appear 
on the monitor. 

4. Image Memory-Dependent Functions: 

(a) For systems with one M7062 Image Memory 
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fflodulvi normally s«t up for Non-Int«rlac«d 
operation resulting in 240 (or 256) visible 
scan lines uiith each pixel containing 4 bits# 
the Memory (M7062) and Sync (M7061) modules 
can be set up for Interlaced operation. 
Paragraph 2.6.2 describes the set-up procedure 
in detail. 

<b) For systems uiith tuio M7062 Image Memory 
modulesi normally set up as a single channel 
in Interlaced mode uiith 480 (or 512) visible 
scan lines uiith each pixel containing 4 bits* 
the Sync Generator (M7061) module and both 
Memory (M7062) modules can be set up for 
Non-interlaced operation* uiith one memory 
remaining at Channel #0 and the other changed 
to Channel #1. Alternatively* both channels 
can be set up for Interlaced operation* uiith 
each channel containing 512x512 2-bit pixels. 
Paragraph 2. 6. 3 describes the set-up procedure 
in detail. 
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Table 2-13 
M7061 Sync Generator Switch /Jumper Functions 



1 FUNCTION 


1 SWITCHES/JUMPERS 

1 


1 SELECTIONS 

1 


1 

1 


VSV/VSll Models at! 
Initial Settinas ! 


• Operating 


1 ^21-1 e:21-2 


1 
1 


1 




1 Freq.uency 


1 OFF ON 


1 60 Hz 


+ 


-AA. AC, AEi AH, AP, AS} 


{ (Field Rate) 


1 ON OFF 


1 50 Hz 

! _________________ 




-AB. AD, AF. AJi AR. AT i 


1 Scan Mode/ 


1 f21-g E?l-9 


1 


1 

1 
1 




1 Resolution 


! ON ON 


1 Non-interlaced - 


-»■ 


-AA, AB, AE, AF, APi AR ! 




! OFF ON 


I Interlaced - 


■»- 


-AC, AD, AH, A J, AS, ATI 




1 OFF OFF 


1 Special 


J 


1 


• Special Scan 


E21-4 E21-5 




~ 1 - 






. OFF ON 


1 Normal - - - - - 


+ 


All Models ! 


• _ _— — ___^_ 


' ON OFF 


1 Special 






1 Master/ 


' E21-6 W19 


1 






: Slave 


ON IN 
' OFF OUT 


! Master 

! Slave 

' __ _ __ __ _ 


+ 


All Models ! 


\ SYNC Timing 


E21 E2i E2i 


1 — — — — — ___. 






• Base 


-7 -8 -10 W3 










OFF ON ON OUT 


' Internal (XTAL) 


+ 


-AA, AB, AC, AD 


• — _.i_____— . 


ON OFF OFF IN 


External <RS170) 




-AE thru -AT 1 


1 ———————— — 

1 RS170-In 


W4 




1 

• 
1 




: Gain 


IN 
OUT 


Adjustable - - - 
Fixed 


-»■ 

1 


All Models ! 


I Channel 


W5 W6 W7 we 




• 
• 




i Number 1 


OUT IN OUT IN 
OUT IN IN OUT 
IN OUT OUT IN 
IN OUT IN OUT 


Channel #0 - - - 
Channel #1 
Channel #2 
Channel #3 


-»■ 

• 

1 

1 
_ • _ 


All Models ! 


1 Cursor 


WIG Wll 


_ _ _______ 

i _________ __. 


1 
1 






IN IN 
IN OUT 
OUT IN 
OUT OUT 


White 

' Green + Blue 
I Green + Red 
t Green 


i 

1 

• 
• 


All Models i 


: Blink Rate 


W12 W13 W14 




- 1 - 




! 


IN IN IN 


4 Times per Sec. 


+ 


All Models 


1 
« 


OUT IN IN 


1 2 Times per Sec. 


1 




• 


IN IN OUT 


t 1 Time per Sec. 


1 
1 




; 

! ___ 


OUT OUT IN 


r Once per 2 Sec. 


1 
1- « . 




1 ___ 

. Cursor i 


W16 W17 




• ■ 

1 




! Size i 

! 1 

• _________^___ • 


IN IN 
OUT OUT 


Small (16x16) - 
Large (Full) 


• 


All Models i 


! Video OutputI 


W21 W?? 




" 1 - 




I DAC Control I 


OUT IN 


16 Shades/Colors 


> 


All Models ' 


! 1 
! 1 


IN OUT 


8 Shades/Colors 


1 

1 

i 
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2. 6. 2 Non-interlaced To Interlaced Conversion 



The standard setup for systems ui 
module results in a single memory 
bits of pixel data. Operation is 
display uiith a resolution of 5 
Hz) or 256 (50 Hz) vertical pixel 
480 (or 512* 50Hz ) high/ but only 
The M7062 su;itch settir>gs for thi 
Table 2-3. On the M7061, switche 
to the Non-interlaced mode. Fig 
single-memory configuration* in 
handle four data bits per pixel. 
Bus (DBUS) bits <9: 6> and driven 



ith one Image Memory (M7062) 

channel (Channel 0) supplying 4 

Non-Interlaced* resulting in a 

12 horizontal pixels and 240 (60 

s. (The viewing aT9a is still 

alternate lines are displayed. ) 

s configuration are given in 

s E21-3 and E21-9 are configured 

ure 2-1 depicts the standard 

ufhich the M7062 is set up to 

The data is supplied from Data 

onto Video Bus bits <7: 4>. 



The optional Interlaced memory configuration is shown in Figure 
2-27. In order to change the system to this mode* turn switch 
E21-3 OFF on the M7061 Sync Generator module. Then configure the 
switches on the M7062 Image Memory module according to Table 
2-14. Finally, using the SET-UP procedure for the VTIOO-LA/LB or 
VRV02-BA/BB* change the operating mode of the monitor to 
Interlaced (i.e.* toggle the last digit in option group 3 in the 
SETUP-B frame from to 1 ) and store the new set-up information 
by typing SHIFT/S. 

After the changes are complete* proceed to Paragraph 2.6.4 to 
check out the new configuration using the diagnostic program. 
When running Test 35, the System Configuration Type-out testi the 
resulting printout should be: 



MEMORY: 0, MEMTAB VAL: 0C1400* 
SYNC CHAN: 0, SYCTAB VAL: 120000* 



2 BITS 
INTERLACED 



When running Test 34* Selected Displays* select menu item 8. 
Observe the display and verify that only four distinct shades 
exist, corresponding to the four combinations of MSB-GRN (DBUS 9) 
and LSB-ORN (DBUS 8). 



M7064 

DISPLAY 
PROCES- 
SOR 


MEMORY DATA 


M7062 

IMAGE 
MEMORY 


VDATA 


7,6 


M7061 

SYNC 

GEN 

AND 

CURSOR 

CONTROL 


COMPOSITE 


9.8 






MONITOR 






512 X 512 X 
CHANNEL 
RAM 0, 1 


2 







r igure «i-e:/ 
Single Interlaced Image Memory Block Diagram 
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Table 2-14 
M7062 Switch & Jumper Setup (2-Bit Interlaced Memory) 



Suitch No. ! 


E59 1 


E49 1 Effect 1 


1 ! 

2 1 


ON ' 
ON , 


ON I Set pixel data uiidth to ! 
ON 1 2 bits bg internally ! 

! connecting the least- ! 

! significant RAM bits ! 

! ( 1« 0) to the most- I 

! significant RAM bits 1 

} (3,2). 


3 
4 


ON 
ON 


ON ! Connect DBUS <9: 8> to 1 
ON \ the input of the 2-bit S 
• RAMi connect output of i 
1 the 2-bit RAM to VBUS 1 
1 <7: 6>. These bits ar^, \ 
I respectively, the most- 1 
1 significant DBUS and ! 
; VBUS data bits. ! 


5 
6 

7 

8 

9 

10 


OFF 
OFF 

OFF 
OFF 
OFF 
OFF 


' OFF I The least- significant 6 1 
■ OFF I bits of the DBUS and ! 
' 1 VBUS are not connected 1 
! OFF 1 to the Image Memory. 1 
. OFF 1 

. OFF 1 1 
' OFF 1 1 




Function 


Jumper (s ) 


Selection i 


DATA 
AVAILABLE 
Enable 


Wi 
IN 


Enabled. Aluays 1 
leave installed. ! 


M-SYNC 
Enable 


W2 
IN 


Enabled. Aluays I 
leave installed. I 


Channel 
Number 


WI3 W4 W5 U6 
• OUT OUT IN IN 
. OUT IN IN OUT 

IN OUT OUT IN 
. IN IN OUT OUT 


Channel #0 i 
Channel #1 
Channel #2 
Channel #3 i 

On multi-channel 1 
systems, assign I 
channels in order, 1 
starting at 0. • 
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2. 6. 3 Conversion To Dual-M«mory System 

The standard setup for systems lulth tuio Image Memory (M7062) 
modules* shouin in Figure 2~2# results in a single memory channel 
(Channel 0) supplying 4 bits of pixel data. Operation is 
Interlacedi resulting in a display with a resolution of 512 
horizontal pixels and 480 (60 Hz) or 512 (50 Hz) vertical pixels. 
The M7062 switch settings for this configuration arm given in 
Table 2-4. On the M7061, switches E21~3 and E21-9 arm configured 
to the Interlaced mode. Figure 2-2 depicts the standard 
single-channel configuration/ in which each M7062 is set up to 

pixel. For module i, 
bits <9: 8> and driven 
are the two Green bits. 
DBUS bits <7:6> and 



handle two data bits per 
supplied from Data Bus (DBUS) 
Bus (VBUS) bits <7:6>i these 
2, the data is supplied from 



the data is 

onto Video 

For module 

driven onto 



VBUS bits <5: 4>i these are the Red and Blue bits. 



The optional 2— channel Non-interlaced memory configuration is 
shown in Figure 2-28. In order to change the system to this 
model turn switch E21-3 ON on the M7061 Sync Generator module. 
Then configure the switches on both M7062 Image Memory modules 
according to Table 2-15. On Module 2 (the module without 
resistor packs installed in E76 and E77) install jumper W4 and 
remove jumper W6 in order to change it from Channel to Channel 
1. When reinstalling the modules in the backplane/ place M7062 
#1 (with resistor packs installed in E76 and E?*^) nearest the 
M7061 Sync Generator. Finally/ using the SET-'-* procedure for 
the VTIOO-LA/LB or VRV02-BA/BB/ change the operating mode of the 
monitor to Non-interlaced (i.e./ toggle the last digit in option 
group 3 in the SETUP-B frame from 1 to 0) and store the new 
set-up information by typing SHIFT/S. 

After the changes are complete/ proceed to Paragraph 2.6.4 to 
check out the new configuration using the diagnostic program. 
When running Test 35/ the System Configuration Type-out test/ the 
resulting printout should be: 



MEMORY: 


0, 


MEMTAB 


VAL: 


001700/ 


4 BITS 


MEMORY: 


1/ 


MEMTAB 


VAL: 


001700/ 


4 BITS 


SYNC CHAN: 


Oi 


SYCTAB 


VAL: 


100000/ 


NON-INTERLACED 



As a final check/ run Test 34/ Selected Displays/ and select menu 
item 8. Observe the display and verify that 16 distinct shades 
ex ist. 

CNote that the two memory channels could also be configured for 
Interlaced operation/ with each channel set up for 512x512x2 
bits. If this is the case, configure the switches and jumpers on 
both M7062 modules according to Table 2-14/ with one module set 
up for Channel and the other for Channel 1. Then turn switch 
E21-3 OFF on the M7061 module. 1 
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512X256X4 








M7062 








9,8,7.6 


IMAGE 

MEMORY 

CHANNEL 
































M7064 











7,6,5,4 


M7061 




DISPLAY 
PROCES- 
SOR 






SYNC 

GEN 

AND 

CURSOR 

CONTROL 
















9.8,7,6 


M7062 

IMAGE 
MEMORY 




























CHANNEL 
1 














512X256X4 







COMPOSITE 
VIDEO TO 
MONITOR 



Figure 2-2S 
Dual-Channel Non-interlaced Image Memory Block Diagram 
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Table 2-15 
M7062 Suiitch & Jumpsr Svtup (4-Bit Non-Int«r lac«d ) 



Switch No. 



ES9 



E49 



Effect 



OFF 
OFF 



OFF I Set piiel data uiidth to • 
OFF I 4 bits. I 



ON 
i ON 
ON 
ON 



ON 
ON 
ON 
ON 



Connect DBUS <9 
the input of th 
RAMi connect ou 
the 4-bit RAM 
<7.4>. These bi 
respectively. th 
most- significan 
and VBUS data bit 
are defined as fo 
DBUS VBUS Def 



: 6> to 
e 4-bit 
tput of 
to VBUS 
avB, 
four 
DBUS 
They 
1 lotus: 
inition 



ts 

e 
t 

s. 



MSB-Green 
LSB-Green 
Red 
Blue 



7 

8 

9 

10 



OFF 
OFF 
OFF 
OFF 



OFF 
OFF 
OFF 
OFF 



The least- sigtificant 4 
bits of the DBUS and 
VBUS are not connected 
to the Image Memory. 



Function 



Jumper (s ) 



Selection 



DATA 
AVAILABLE 
Enable 



bii 
IN 



Enabled. Aluiays 
leave installed, 



M-SYNC 
Enable 



W2 
IN 



Enabled. Always 
leave installed, 



Channel 
Number 



W3 W4 U5 W6 
OUT OUT IN IN 
OUT IN IN OUT 
IN OUT OUT IN 
IN IN OUT OUT 



Channel #0 
Channel #1 
Channel tt2 
Channel #3 

On multi-channel 
systems* always 
t assign channels in 
orderi starting 
at 0. 
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2.6.4 Checkout Of Changes 

After all suiitch and jumper changes have been made and verified/ 
reinstall any modules or cables removed. Then run two passes of 
the normal (default) test series of the diagnostic (Tests 1 
through 32). No errors should be encountered. Reflect any 
change in operating frequency (50/60 Hz) in the startup dialog 
for the program. 

Run Test 35» System Configuration Typcouti and verify that the 
system configuration is as expected. 

Run Test 33* Joystick Verification* and verify that the cursor 
size and color are as expected. 

Run Test 34i Selected Displays* and verify that: 

1. The perimeter outline* Selection 6* reaches the top of 
the screen. 

2. The expected shades/colors av present (Selection 8)« 

3. The blink rate is as expected. 



When all checks btb complete* proceed to Paragraph 2.7 to perform 
Acceptance. 



2. 7 ACCEPTANCE 

Neatly arrange all cables and return mounting boxes to their 
normal positions luith covers secured. 

Perform Option Acceptance by repeating the diagnostic test 
procedures given in Paragraph 2. 5. 



2. 8 EXTENDED CONFIGURATIONS 

The previous paragraphs describe the installation of VSVll and 
VSll systems containing only one ii7061 Sync Generator module and 
either one or tuo M7062 Image Memory modules. These are the 
VSVll/VSli-Ax series of model designations. For VSll systems* 
these are the maximum configurations that mill fit uiithin the 
standard DDVll-CK 4-slot backplane supplied with the DWU-BK. 

If necessary* the basic configurations can be expanded by the 
addition of M7061 Sync Generator modules (to drive independent 
monitors) and/or M7062 Image Memories (to support additional 
M7061'.s or to obtain additional high-resolution memory channels* 
such as two 512x512 pixel by 4-bit Interlaced channels). For 
VSVll systems* a backplane (H9273 or equivalent) must be 
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availabl* to contiguouslij contain all modules. For VSll systems* 
th« DDVll-DK 9-slot backplane* shown in Figure 2-29 and included 
in some of the building blocks listed in Paragraph 2.8. 1* is 
available. In addition* for UNIBUS-based systems* an H9273 
backplane can be used if the VSll-BC/BO building block* described 
in Paragraph 2. 8. 1 is used. 



LSI- 11 8US 
B C 



HIGHEST 'PRIORITY 



£ 



^ 



£ 



£ 



^ 



LOWEST, PRIORITY 



c 



r 



3- 



3 



^ 



^ 



y 



NOTES: 

t. SIDE 2 PINS OF THE EF SLOTS ARE 
WIRED TO SIDE 1 PINS OF THE EF 
SLOT THAT FOLLOWS. 

2. SLOTS EF ARE FOR LSIM PERIPHERAL 
MODULE SETS THAT REQUIRE THE 
DAISY CHAINED BUS. 

3. VIEW OF DDV11 DK IS FROM MODULE 
SIDE. 



VIDEO BUS 
E F 



CHAINED 



CHAINED 



DAISY ' CHAINED 



Figure 2-29 
DDVll-DK 9-Slot Backplane 



2. 8. 1 Building Blocks 



Extended systems are constructed using a "building block" 
approach. The follouting building blocks are available (in the 
model designations* the two variations given* such as -BA/BB, are 
the same except for switch and jumper settings used to select 
between 60Hz and 50Hz operation); 



VSVll-BA/BB 



VSVU-AA/AB plus DDVll-DK 9-Slot Backplane* Power 
Harness Adapter* Six 07272 Grant Continuity Cards* 
DBUS Data Cable with 9 Connection Points* and M9403 
LSI-11 Bus Connector with +15V to +12V Converter. 
The VSVll-BA/BB is used when it is desired to use a 
PDP^ll type mounting box on an LSl-ll Bus system. 
Additional equipment required would be two BC05L 
cables and an M9401 Connector to extend the LSI-11 
Bus. 
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VSll-BA/BB: 



VSll-BC/BD: 



VSVll-MA: 
VSVll-SA/SB: 

VSVll-SC/SD: 

VSVU-SE/SF: 



VSVll-SH: 
H3060: 

VTIOO-LA/LB 
VRV02-AA/AB 



VSVll-AA/AB with DWll-EK UNIBUS to LSI-ll Bus 
Converttr. This is the same as a VS11~AA/AB except 
that a DDVll-DK 9-Slot Backplane is used rather 
than the 4-slot DDVll-CK. 

VSVll-AA/AB with DWll-A UNIBUS to LSI-ll Bus 
Converter. The DWll-A contains an M8217 bus 
converter module (for installation in a UNIBUS SPC 
slot)* an Ii9401 LSI-ll Bus Connector module* and 
two BC05L-16 16— foot 40-Conductor Ribbon Cables to 
interconnect the MB217 and M9401. This building 
block is to be used on a PDP-11 system with an 
LSI-ll expansion box* such as the BAll-N* and 
H9273-A backplane. 

M7062 Image Memory Module. 

M7061 Sync Generator/Cursor Control Module plus 
Video Cables. 

M7061 Sync Generator/Cursor Control Module* Video 
Cables and Joystick Pigtail Cable. 

M7061 Sync Generator/Cursor Control Module* Video 
Cables* and Multi-Tap Joystick Pigtail Cable (for 
connecting a single H3060 Joystick to up to four 
M7061 modules). 

M7061 Sync Generator/Cursor Control Module. 

Joystick Assembly. 

Monochrome Monitor Terminal. 



19-inch Color Monitor (no Keyboard or terminal 
logic ) . 

VRV02-BA/BB: 19-inch Color Monitor Terminal (with Keyboard). 



Notice that the VSVll 
nothing more than a 
backplane. Therefore* 
installed* using the 
2.7. Figure 2-30 illu 
two M7062 Image Memo 
memory channel* includ 
installation (Figure 
additional Memory and 
the extended configura 



/VSll-fix series of building blocks avB 

basic VSVll-AA/AB for use with a larger 

the VSVll/VSll-Bx option should first be 

procedures given in Paragraphs 2. 1 through 

strates the VSll-BA/BB installation. If 

ry modules are to be installed in the first 

e the second memory (VSVll-MA) during basic 

2-31). Following basic installation* 

Joystick channels can be added to obtain 

tions described in Paragraph 2. 8. 2. 
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PDF-11 PROCESSOR 
MODULES 



M8217 
INSTALLED 
IN SRC 
SLOT 



^9^°3 BC05L-06 

INSTALLED ^^g^ES 
IN SLOTS 
A AND BOF 
ROW 1 

GRANT CONTINUITY 
CARDS (NOTE 2) 

TEV11 (M9400-YB) 

INSTALLED 

IN SLOT NEXT TO 

AND AFTER LAST 

PERIPHERAL MODULE 



NOTES: 

1. IF UNIBUS BACKPLANE IS A DD11-B, -C, 
-D, OR -P, THE BACKPLANE MUST BE AT 
THE PROPER REVISION LEVEL 

2. IF THESE SLOTS ARE UNUSED, Q7272 
GRANT CONTINUITY CARDS MUST BE 
INSTALLED HERE. 




UNIBUS 
BACKPLANE 
(NOTE 1) 



DDV11-DK 
BACKPLANE 

M7061 
M7062 
M7064 



MR-5361 



Figure 2-30 
VSll-BA/BB Installation Configuration 
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PDP-11 PROCESSOR 
MODULES 



M8217 
INSTALLED 
INSPC 
SLOT 



M9403 BC05L-06 

INSTALLED CABLES 
IN SLOTS 
A ANDB 
OF ROW 1. 

GRANT CONTINUITY 
CARDS (NOTE 2) 

TEV11 {M9400-YB) 

INSTALLED 

IN SLOT NEXT TO 

AND AFTER LAST 




UNIBUS 
BACKPLANE 
(NOTE 1) 



DDV11-DK 
BACKPLANE 

M7061 

M7062 

M7062 (NOTE 3) 

M7064 



NOTES: 

1. IF UNIBUS BACKPLANE IS A DD11-B. -C, 
-D, OR -P, THE BACKPLANE MUST BE AT 
THE PROPER REVISION LEVEL 

2. IF THESE SLOTS ARE UNUSED. G7272 
GRANT CONTINUITY CARDS MUST BE 
INSTALLED HERE. 

3. REMOVE THE TERMINATOR RESISTOR 
PACKS FROM THIS M7062. 



MR -5362 



Fiflur* 2-31 
VSll-BA/BB w/VSVll-MA Installation Configuration 
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2. 8.2 Installation Of Exttnsioni 

Additional M7062 Imag* Memory and M7061 Sync Generator component! 
can be used in a variety of uiays. For example* the block diagram 
of Figure 2-32 illustrates a VSVll system configured to drive tuo 
independent monitors. Figure 2-33 shouis the physical module 
arrangement for the two-monitor configuration of Figure 2-32. In 
such a system* only one of the monitors can be operated in the 
External Sync mode (necessary for VTIOO-LA/LB operation* and for 
use of VRV02-BA/BB as a terminal* uiith keyboard data on the 
screen) since only one M7061 module (termed the Master) can 
provide timing for the entire VSVll system. 

The structure of the backplanes used in the VSVll/VSll systems is 
such that the video data supplied by M7062 Image Memories is 
isolated by an intervening M7061 Sync module. For example* if 
M706i Sync modules are installed in rows 1 and 3 of a ODVll-DK 
backplane and M7061 Image Memory modules at9 installed in rouis 2 
and 4> the memory in row 2 supplies data only to the M7061 in row 
1* and the memory in row 4 supplies data only to the M7062 in row 

3. This fact allows the installation procedure to be handled on 
an M7061-by-M7061 basis* with M7062 Image Memories allocated as 
required. The entire system* however* must be either Interlaced 
or Non-interlaced since the first M7061 controls the timing and 
operating mode of all other units. 

There can be a maximum of 4 Image Memory channels and 4 M7061 

channels on a VSVll/VSll system. Each memory channel can contain 

either one or two M7062 Image Memory modules. If two M7062 

modules are used in any memory channel* the system must be 

configured in the Interlaced mode* providing 512x512 pixels by 4 

bits of data (each module handles two bits of data). Therefore* 

the following configurations can be obtained (given that space 

and power are available): 

1. Four M7061'.s (Sync Channels through 3)* each supplied 
by one memory channel (Memory Channels through 3* 
respectively). Each memory channel can contain 1 M7062 
(Interlaced or Non-interlaced system) or 2 M7062'.s 
(Interlaced system only). 

2. One M7061 (Sync Channel 0)* with 4 memory channels 
(Channels G through 3)* with each memory channel 
containing 1 or 2 M70A2 modules. 

3. Two M7061'.s (Sync Channels and 1) each containing 2 
memory channels (Memory Channels and 1 on Sync Channel 
0* Memory Channels 2 and 3 on Sync Channel 1). 

4. Two M7061'.s (Sync Channels and 1)* with one memory 
channel on one Sync channel and 2 or 3 memory channels 
on the other Sync channel. 
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5. Three M7061'.s (Sync Channels through 2>i with one 
memory channel on each Sync channel or one memory 
channel on tuo of the Sync channels and tuio memory 
channels on the third. 

When installing complex extended configurations* it is 
recommended that the system be decomposed into single Sync/Memory 
groups, corresponding to one of the standard VSVll/VSll 3- or 
4-slot configurations; each group can then be installed and 
tested separately using the proceedures described in the 
proceeding paragraphs. For example* a system uiith tuio M7061 Sync 
modules and two M7062 Memory modules could be installed by 
handling each Sync/Memory combination as a VSVl 1/VSl 1-AA* -AB# 
-AE» -AF* -AP# or -AR. After installing and testing one 
combination* remove it and install and test the other. Finally* 
move the h7064 Display Processor module over two rows in the 
backplane* configure the second Sync module for Channel 1 and 
Slave operation (Table 2--13) and its companion Memory module for 
Channel 1 (Table 2--14 or 2-15). Install the second combination 
and check out the entire system using the diagnostic. Be sure to 
run Test 35* the Configuration Typeout test* and verify that the 
appropriate configuration is present. 

In all installations* the following guidelines should be 
observed: 

1. If multiple M7061 Sync Generator modules are being used* 
only one can be set for Master operation (switch E21-6 
ON and jumper W19 IN); all other M7061 '.s must be in the 
Slave mode (E21-6 OFF and jumper W19 OUT). In addition* 
for ease of maintenance* the Master M7061 should be 
configured as Channel and should be the module 
furthest away from the M7064. (The Master M7061 should 
be in the lowest-numbered backplane row). 

2. if^hen assigning channel numbers to multiple Sync and 
Memory modules* the lowest-numbered channels should be 
assigned to the modules in the lowest-numbered backplane 
rows; the highest-numbered channels should be nearest 
the M7064 Display Processor module. 

3. The M7062 Memory module in the lowest-numbered backplane 
row (nearest the Master Sync module) should have 
resistor packs installed in I. C. locations E76 and E77; 
all other memory modules should have the resistor packs 
removed. 

4. If two M7062 memory modules per memory channel are used 
(Interlaced operation)* the module handling the 
most-significant pixel bits (switches 3 and 4 on E49 and 
E59 ON) should be in the lowest-numbered backplane row. 
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A general installation can be performed as follows (be sure to 
refer to the guidelines given previously): 

1. Unpack all components and inventory them against the 
VSVll or VSll Field Maintenance Print Set. 

2. Inspect the computer system and verify that appropriate 
space and pouier are available. Refer to Chapter 1 of 
the VSVll/VSll Option Description and sum the dc pouier 
requirements of the logic modules; the sum cannot 
exceed the pouier supplied by the mounting box. For VSli 
systems. +15Vdc current is required equivalent to the 
+12Vdc current listed for the M70A2 and M7061 modules. 

3. Install the basic VSVll or VSll hardware (i.e.. the 
minimal configuration with one Memory channel and one 
Sync/Joystick channel) using the procedures of 
Paragraphs 2. 2 through 2. 7. 

4. Prepare any additional display monitors (refer to 
Paragraph 2.3). If multiple monitors ar^ to be attached 
to a single M7061« only the last monitor in the string 
must be terminated in 75 ohms. For example, if two 
VRV02's avB used on the same channel* the first one must 
have the 75-OHM/HIGH toggle switch on ie rear of the 
cabinet in the HIGH position (down)* the ast one must 
have the switch in the 75-OHM position (up). 

5. Configure the switches and jumpers on each additional 
M7062 Image Memory and M7061 module* carefully assigning 
the channel numbers and functionality. Note especially 
that all M7062 Image Memory modules must be configured 
to run in the same mode (Interlaced or Non-Interlaced) 
and that additional M7061 modules must be configured as 
Slaves (sync generation logic disabled). For the M7061» 
refer to Table 2-13. For the M7062* refer to Tables 
2-14 or 2-15. 

h. Install and check out the additional modules* cables* 
monitors and joysticks one channel at a time. 

7. Check out and accept the system using the supplied 
diagnostic program. 
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Figure 2-32 
VSVll System w/ Two Independent Monitors 
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Figure 2-33 
Module Arrangement for 2-Monitor System 
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CHAPTER 3 
PROGRAMMING REFERENCE 



3. 1 INTRODUCTION 

This chapter presents machine-level programming information for 
the VSVll/VSll graphic system. The discussion presented assumes 
the VSVll/VSll programmer has prior programming experience in 
graphics. Therefore., the programming information presented here 
is a machine-level programmer's reference rather than an 
application programming reference. Topics discussed include the 
VSVll/VSll programming concept* bus addressable registers* system 
interrupts* the VSVll/VSli instruction set* and the make-up of a 
CPU memory display file. 



3.2 VSVll/VSll PROGRAMMING CONCEPT 

Data to be displayed by the VSVll/VSll is first organized into a 
display file in the memory of the host CPU. This file consists 
of a series of VSVli/VSll instructions (graphic* control* and 
data instructions) uihich define an image. In essence* the 
display file is a program written in the VSVil/VSll machine 
language. After the display file is constructed, the VSVll/VSll 
display "program" is initiated by ^moving the display file 
starting address to the VSVll/VSli Display Program Counter (DPC). 
Once initiated* the VSVll/VSll issues Non-Processor Requests 
(NPR's) to sequence through the display file instructions and 
generate the desired image on the system monitor. Since the 
VSVll/VSll contains an Image Memory* continuous image refresh 
from CPU memory is not required. After one pass through the 
memory file* the file may be altered or removed. 

Pictures are produced by utriting pixel data into one or more 
image memories. The memories to be written must be enabled for 
writing by the program via a control instruction and* since more 
than one memory can be uirite-enabled at a time* the program must 
also assure that memories not to be written are placed in a 
Read-Only or Protect state. Once the graphic data is written* 
the program must assure that the memory is placed in a Read-Only 
or Read/Ulrite state so the pixel data is "read out" to the 
monitor. Image memories feed data to a Sync Generator /Cursor 



Control modul* (t»rm»d m "Sync /Joy stick Chann»l) for display on m 
monitor. Th«r« can b« up to four mamory channvls and four 
Sync/Joystick channvls. A Sync/Joystick channal can b» 
associated uiith ona* tuio« thraa or four mamoriasi it is tha 
responsibility of tha display programmar to know tha systain 
configuration so that mamory and Sync/Joystick operations mv 
coordinated. The image memories have an "edge detect" circuit so 
that data written to coordinates beyond the visible screen area 
does not "wrap around"; data will not wrap around until 12 bits 
of position^ in the 1024-point formats are eiceeded (the visible 
area is accessed with up to 10 bits of coordinate data* but the 
least-significant bit is not used). 



3.3 VSVll/VSll ADDRESSABLE REGISTERS 

The VSVli/VSll has four device registers which can be addressed 
for read/write transfers from the LSI-11 Bus. These registers 
srw listed in Table 3-i* along with their standard factory 
addresses. 

Table 3-1 
VSVli/VSil Addressable Registers 

I actory 

Register N#«nt Eui. Atfdrtff 

(Octal) 

Display Proqvmm Counter (DPC) 772010 

Display Status Register (DSR) 772012 

Display X Status Register (DXR) 772014 

Display Y Status Register (DYR) 77201^ 

Data can be read from or written into these registers only when 
the VSVll/VSll Display Processor (abbreviated DP or DPU) is in 
the internal stop (IDLE) condition (bit 15 of the DSR register 
set). An attempted write to any of these registers while the 
Display Processor is running will cause the Display Processor to 
halt after completion of the display instruction that is 
currently being processed. Reading any of these registers while 
the Display Processor is not stopped results in read-back data of 
all zeros. 

The address of the device register block can be switch-selected 
to begin on any 4-word boundary in the I/O register page. The 
general register address specifications will therefore be given 
as 7xxxi0 through 7xxxx6 in the following paragraphs. 

In the discussions which follow* the term "Initialize" refers to 
the occurrence of the Bus-INIT signal and to the "Soft 
Initialize" function performed when 100000 (octal) is written 
into the DYR register (Paragraph 3.3.4). During the 
initialization sequence* various internal registers mrw cleared 
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or s«t to knouin fttat»s» ptnding interrupts mr tht 

Graphic Mod* it cleared to Character inode< the Joy:itick ^rh 
and Cursor Match interrupt enables mT9 cleared> the .. si ^ 
intensity is turned off« and all image nemory channels are set tc 
the Urite-Only mode and the image memories are cleared. In 
addition* a self-test sequence is performed in uihich the DBUS 
Data lines are checked and the state of various status signals 
verified. If a problem is detected* the appropriate error code 
is loaded into the CSR register (Paragraph 3.3.2.4) and the Idle 
state is entered directly without clearing the Sync/Joystick 
channels or image memories. The initialization sequence lasts 
approKimately 40 milliseconds* during uihich time the Display 
Processor registers mT9 not accessible. Therefore* the program 
must wait for the STOP bit in DSR to appear before attempting any 
operations with the VSVll/VSll. After the STOP bit appears* it 
is recommended that the CSR be checked for any errors before 
proceeding. 



3.3.1 Display Program Counter <DPC) 7xxix0 

The Display Program Counter <DPC)* shown in Figure 3-1* contains 
the virtual address of the next host memory location to be 
addressed by the VSVll Display Processor. It can be read and 
written at the general address 7xxxx0. The DPC contains a 16-bit 
number representing the address of a word within the user's 
display filej internally* the DPC holds a memory byte address 
with bit always (the VSVll addresi>es host memory on a word 
basis only). 



READ CONDITION 
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1 1 1 i 1 [ 1 1 1 1 1 1 1 1 
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Figure 3-1 
Display Program Counter (DPC) 
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Th* 16~bit DPC can only rtfcrtnc* up to 32K words of memory* 
sine* it can g«n«rat» addressts only in tha rang* 0-177776. In 
ordar to allow tha display fila to ba placad anywhara within tha 
128K-word bua addrass spaca <u»ing 18-bit addrassaa)* tha contant 
of DPC it not usad a» a diract physical addrass. Rathar* tha 
virtual addrass in DPC is addad to a Relocation valua to yiald an 
18-bit physical addrass. Tha relocation structure used in the 
VSVllf described in Paragraph 3.3.2.9* allows a display file to 
start (virtual DPC»0) on any 32-word boundary in physical memoryi 
this is consistent with the relocation resolution of the memory 
mapping mechanism of the PDP-11. 

The VSVll/VSll also has the ability to limit the range of DPC 
addressing to an area less an 32K words. Limits can be set for 
2K* 4K> 8K« or 16K words* under control of a Protection Mask. In 
addition* a bit can be set to inhibit the DPU from writing into 
memory when a DMA Pixel Readback instruction is encountered. The 
Relocation value* Protection Mask* and Urite-Protect bit are 
collectively termed the "memory management** parameters. These 
mrm described in Paragraphs 3. 3. 2. 9 through 3. 3. 2. 8. 

The virtual area that the DPC can address is termed a "segment". 
The VSVii supports up to two such segments* termed Main and 
Auxiliary. Each is associated with its own set of 
memory-management parameters (4-bit protectio<' mask* i-bit 
writa-protect* and 12-bit relocation value). "iormally* the 
Display Processor executes display instructions from the Main 
segment. The Auxiliary segment can be used for display 
subroutines (called via the CHARACTER or DJMS instructions) and 
for Bit Map data. The DROP instruction returns the display 
program to the Main segment at the end of a subroutine. 

Figure 3-1 depicts the format of the DPC for reading and writing. 
When read* bits 1-15 display the virtual address of the next 
display word to be executed) bit indicates the current segment 
being accessed (0 * MAIN* 1 - AUXILIARY). DPC (and all other 
VSVll registers) arm only accessible when the Display Processor 
is "idle"" (stopped). If a register is read while the Processor 
is "busy" (executing the display file or performing operations 
such as Pixel Readback or Cursor Readback)* all O's av returned. 
DSR Bit 15 (STOP) can be monitored to determine the state of the 
processor. 

When DPC is written (with the processor not busy)* One of two 
actions* START or RESUME^ is taken depending upon the data 
written into bit 0. If bit is written to 0* a START sequence 
is initiated* causing the following: 

1. The written data is loaded into the internal DPC 
register* becoming the new display file virtual address. 

2. The internal "Current Segment" flag is cleared* 
selecting the Main segment. 
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3. Tht intvrnal "Proc»s»ing Characttr** fl«9 '' « varvd^ 
forcing a n»iii charact*r ^ data Mord to a .&«a ^ tha 
procttftor is pratantly in Charactar Moda aniJ a data word 
is tha first display fila itam fatchad. 

4. Bit of tha PC8AVE ragistar <Paragraph 3.3.2.2) is sat« 
indicating that it is "ampty" and is available for usa 
during subroutinas and Bit Map modas. COOOOOl is loadad 
into PC8AVE3 

CRESUME starts hara3 

5. Tha processor becomas "busy" (stop bit is claarad). 

6. Tha internal DSR-location Ragistar Select code 
(Paragraph 3.3.2) is cleared to 0« selecting the actual 
DSR register; this facilitates monitoring of the STOP 
bit. Pending interrupts mrw also cleared. 

7. The "working" fliemory-management registers mv loaded 
with the parameters stored in MAINMM or AUXMM 
(Paragraphs 3. 3. 2. 5 through 3. 3. 2. Q)» depending upon the 
state of the "Current Segment" flag (on a START« the 
parameters for the Main segment will always be used). 

6. Display processing commences with a dispatch to the 
current graphic-mode instruction> which fetches the word 
addressed by the virtual address in DPC. 

If bit of DPC is written to li a RESUME sequence is initiated. 
Bits 1~15 of the data mrm ignored^ leaving the current DPC 
intact. The sequence begins at Step 5 above. Note that the 
Current Segment and Character Processing flags are left intact. 

DPC is cleared by Initialize (bus INIT signal or programmed 
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3.3.2 Display Statui R»giftt»r (DSR) 7xxxi2 



Tht DSR bus location^ at gvnara 
"pathway" to savaral inttrna 
intarnal ragistar to ba raad or 
talaction coda into bits 2-0 
is tiirittan by writing into DSR 
in bits 2-0* bit 3 sat to 
containing tha ragistar-spac if i 
is raad by first writing tha s 
to obtain tha data. Nota that 
uirita-anabla) sats tha salac 
uirittan. 



1 addrass 7xxxx2« sarvas as a data 
1 V8V11 ragistars. Tha particular 

uirittan is salactad by writing a 
of tha DSR location. Tha ragistar 
a word that has tha salaction coda 
1 <Writa-Enabla)* and bits 19-4 
c data to ba writtan. A ragistar 
alaction coda and than raading DSR 

writing DSR with bit 3*0 (no 
tion coda and causas no data to ba 



Tabla 3-2 lists tha DSR salaction codas. Each of tha salactabla 
ragistars is dascribed in tha following paragraphs. 



DSR<2: 0> 
CODE 



3 

4 

5 
6 

7 



WRITg 



Tabla 3-2 
DSR Salaction Codas 



READ 



Unusad 



FLAGS <Claar panding 
intarrupts and joy- 
stick lockout) 



CSR (Control-Status) 

Main-Segmant 
Ralocation 

Main-Sagmant 
Protaction 

Aux i 1 i ary-Segmant 
Ralocation 

Aux i 1 iary-Sagmant 
Protaction 



DSR (Display Status: 
Op-coda« P^al Data» 
and Stop B.t) 

PC8AVE (DPC for subroutina 
raturn) 

FLAGS (Panding intarrupts* 
Joystick Lockout and 
currant Graphic-Moda 
□p-coda) 

CSR (Control-Status) 

MAINHH (Hain Mam. Hgmt. ) 

HBASE (Histogram Basa Sc 
sagmant writa-protaction 

AUXMM (Aux Mam. Mgmt. ) 
CBASE (Charactar Basa) 



Tha Salaction coda (storad intarnally) is claared to whanavar 
tha Display Processor bacomas "busy" (i.a. * on any writa to tha 
DPC, DXR or DYR ragistars* for a START* RESUME* PIXEL READBACK* 
WRITE JOYSTICK STATUS REGISTER etc. ) to facilitate 
interaction with the STOP flag of DSR. 



program 
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3.3.2.1 DSR (DiftpUy Statut) CS*l»ct - 03 - 

Th* internal DSR r»giBt»r (Figur* 3-2) holds Pix»l Dmtm, 
Instruction Op-cod»« and tha STC3P flag; thasa fialda mv 
dascribad in Tabla 3-3. Writing DSR with salactt tha intarnal 
<"raal'*) DSR. Tha DSR itaalf is raad-onlyi it cannot ba 
writtan. 



NOTE 

On a STOP following aiacution of 
tha DHA Piial Raadback display 
instruction* tha DSR contains tha 
antira instruction wordj tha 
currant pixal data fiald# DSR 
<9: 0>« is not prasarvad. 



WRITE CONDITION 
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Figura 3-2 
DSR Ragistar Bit Configuration 
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Tabl* 3-3 
DSR Rtgittvr Bit D^finitiont 



1 Bit 1 


Nam* 




Description i 
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t 15 


STOP 


Flag 


t Whan ftt 


\ 
ti indicates that tha Display \ 
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(registers can be read and i 








1 urrittan) 


I 
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1 14-10 
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i of tha 


last instruction word fetched 1 
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{ Graphic 
1 tha dis 


i 

Pixel Data (bits 0-9 of the last { 

Mode instruction fetched froia i 

play file)* or contents of the 1 








1 imaga mamory at a spacifiad X# Y location i 
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from the Pixel Readback { 








t operation (Paragraphs 3.3.3 and 3.3.4* i 
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3.3.2.2 PCSAVE (Savtd DPC From Subroutinv) CS»l»ct ■ 13 - 

Writing m 1 into th» D8R bus location sfflactft th« PwoA^^ r«giftt#r 
for rtading. Th» rtgistar format is shown in Figur* 3-3. 

Thv Display Processor iinplainvnts a limitad display subroutina 
capability^ allowing "subpictura" routinas to ba callad from tha 
main display fila program. Such subroutinas ara callad with tha 
CHARACTER Graphic Moda instruction and with tha DJIiS (Display 
Jump~to-Subroutina) instruction. Tha "raturn addrass" (to gat 
back to tha main display program with a DPOP instruction) is 
storad in PCSAVE. PCSAVE tharafora contains tha virtual addrass 
of tha naxt alamant to ba fatchad from tha main display fila. 
Bit of PCSAVE is tha "ampty" indication: 



PCSAVE<0>=0: 



Full. A subroutina is not allowad to 
sinca tha procassor is alraady in ona. 



ba calladi 



PCSAVE<0>»1: Empty. A subroutina is allowad to ba callad. 



subroutinas cannot ba callad from tha auxiliary 



Nota that 

sagmant. PCSAVE is also usad during procassing of Bit= Map and 
DMA Pixal Raadback instructions to sava tha display fila addrass 
whan tha DPC is usad for tha data "dispatch" addrassi so ona of 
thasa instructions cannot ba usad within a subroutina. 



PCSAVE is sat to 000001 (ampty) by Initial iza. 



WRITE CONDITION 
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Figura 3-3 
PCSAVE/DSR-SELECT-1 Ragistar Configuration 



3-9 



3.3.2.3 FLAwS (Pending Interrupts tt Graphic Mod*) CS«lvct"23 - 

Writing • 2 into tht D8R bus location saltcts tha intarnal FLA08 
ragistar for raading. Tha contants of FLA08 displays tha currant 
Graphic lloda and indicates tha prasanca of interrupt requests 
issued by the Display Processor. Writing a 12 (Writa-Enable •»• 
SELECT CODE 2) into the DSR location clears all pending 
interrupts. Pending interrupts and flags are also cleared by a 
START or RESUME (Paragraph 3.3. 1). Figure 3-4 shows the format 
of FLAGS. Table 3-4 describes each bit. 

The flags and Graphic Mode mrm cleared by Initialize. 
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Figure 3-4 
FLAGS/DSR-SELECT-2 Register Configuration 
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Table 3-4 
FLAGS Regiittr Bit Definitions 



i Bit 


Name 


Description 1 


i 15 


"Valid" 
Flag 


-•1 if bits 14-11 contain a valid i 
representation of the current Graphic I 
Mode. .' 


1 14-11 


Graphic 
Mod* 


Op-code (Bits 14-11) of the last Graphic 1 
1 Mode instruction fetched from the \ 
1 display file. i 


1 10-4 


Unused 


Alwaus read as 0. t 


1 3 


x^S LKO 


1 Joystick Lockout. Set to 1 when the i 
1 Joystick Switch Interrupt (JSSWI) t 
1 condition (from the currently selected 1 
1 SYNC module) is recognized by the DPU in \ 
\ the Idle statei INT REG B and VEC BIT 2 \ 
1 are also set at this time in order to ! 
1 post the interrupt. JS8UI is only t 
1 recognized if all of bits FLAGS<3: 0> arw 1 

clear. Therefore* the programmer must 1 
1 write into FLAGS if more than one JSSWI i 
! interrupt must be detected. This action 1 

allows time for the program to read the ! 
1 Cursor coordinates. I 


i 2 


VEC BIT 

2 


Vector Bit 2 for INT REG A or B 1 


{ 1 


INT REG B 


Request pending on Channel B. If VEC BIT 1 
2-0> ERROR interrupt is pending. If VEC 1 
BIT 2-1. JOYSTICK SWITCH interrupt is t 
pending. 1 


i 


INT REG A 


Request pending on Channel A. If VEC BIT ! 
2»0> a STOP interrupt is pending. If VEC \ 
BIT 2>1. a CURSOR MATCH interrupt is 1 


1 1 
1 




pending. ! 

1 



NOTE 

INT REG A and INT REG B are 
mutually exclusive; only one 
interrupt may be pending at any one 
time. 
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3.3.2.4 CSR (Control-Status Rvgistvr ) CS«l«ct-33 (R«ad/Urit«) - 

Writing 3 into bits 2-0 of th* DSR bus location svltcts tha CSR 
for rvading <bit 3-0) or uiriting/rvading (bit 3*1). Figurv 3-5 
shows tha format of CSR and Tabla 3-5 dascribas aach bit. 

Tha CSR is clearad by Initializa. 



READ/WRITE CONDITION 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



ERR 



ERROR CODE 




CHANNEL 



CH 
PROT 



EN 
RCHK 



FSI 




WE 



Figura 3-5 
CSR Raglstar Configuration 

Tab la 3-5 
CSR Ragistar Bit Dafinitions 



Bit t 



Nama 



\ 



Dascription 



15 



14-11 



10 



9-8 



ERR 

(Cofliposita 
Error Flag) 



Error Coda 



Spar a 



CHANNEL 



CH PROT 

(Channal 

Protact) 



ERR is tha inclusive-OR j^ all wttot 
coda bits (bits 11-14). It is sat uihan 
tha Display Procassor sets an arror 
coda. All arrors causa display 
procassing to stop. 

Sat by tha DPU/TO indicata tha typa of 
BTTor ancountaradi as datailad in 
Tab la 3-6. 



(Can ba uirittan & 
function) 



raadj but has no 



If tha CH PROT bit is 1. thasa two 
bits raplaca tha Channal Salact bits 
of tha data sant on tha DBU8 during 
tha JOYSTICK STATUS, LOAD STATUS C» 
WRITE EXTENDED JOYSTICK CONTROL, and 
WRITE CURSOR COORDINATES display 
instructions. 

If this bit is 0, Imaga Mamory and 
Joystick channals ara salactad from 
tha display fila, via bits in tha 
JOYSTICK STATUS. LOAD STATUS C, WRITE 
CURSOR COORDINATES or EXTENDED 
JOYSTICK CONTROL instructions. If this 
bit is i# channal salaction is 
suppliad from CSR<9: 8>. 
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T»bl» 3-5 (con't) 
CSR Rtgiftter Bit Definitions 



{ Bit I 



Nam« 



Dffmcription 



EN RCHK 

<Enablt 

R»s»rvvd 

Opvration 

Chech) 



FSI 

(Force Stop 

Interrupt) 



Spare 



WE 

(Write 
Enable) 



2-0 



Selection 
Code 



Setting this bit enables the Display 
Processor to produce the RSVD OP error 
condition. If this bit is 0* undefined 
operation codes are treated as NO-OP 's 
and most undefined data fields are 
ignored. Some specific RSVD OP errors 
mv flagged even if this bit is 0. 

Setting this bit assures than mn 
interrupt is requested whenever the 
Display Processor stops display file 
processing. This includes a STOP coded 
into a Status-A instruction regardless 
of whether the Stop Interrupt was 
enabled. 

Not included is the transition from 
"busy" to "idle" at the end of 
functions performed by writing into 
the DXR or DYR registers (e. g. « Pixel 
Readback and "Soft Initialize"). (See 
descriptions of the DXR and DYR 
registers). 



(Can be written 
function) 



Sc read« but has no 



A 1 must be written into this bit tb 
cause bits 4-15 of the CSR to be 
written. If a is written into VIE* 
only the internal register selection 
code is changed* allowing the selected 
register to be subsequently read. 

The DSR register selection code is 
stored internally in bits 2-0 of the 
CSR scratchpad register. So* these 
bits will always have the CSR 
selection code (Oil) when CSR is 
accessed. 
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TabU 3-6 
CSR Error Codvm 



Codt 



Nam* 



I 



Dttftcription 



i 
>000i 



3 
>0011 



5 
'0101 



4 
>0100 



NXM 

(Nontxifttffnt 
Mttmory 
Error) 



MPE 

<M»fiiory Protttc- 

tion Error) 



RSVD C3P 
(R»s»rv»d 
Operation 
Error) 



SEQ ERR 

(Svqutnc* 

Error) 



6 
■0110 



V»ctor "Endpoint" 
Miftiiiatch Error 



Stt by th* Display Procassor to 
indicata that« during a DMA cyclv« 
a mamory location was addrasaad 
but no rasponsa waa racaivad 
uiithin 10 microsaconda. 

Sat by tha Diaplay Procasaor to 
indicata that tha virtual addraaa 
in DPC ia out of ranga. Tha DPC ia 
tastad againat tha protaction naak 
bafora aach DMA cycla} if any bita 
in DPC ara sat (1) corraaponding 
to bita aat in tha mask* MPE and 
ERR ara sat« display procassing 
stops and tha ERROR interrupt is 
raquastad. Tha MPE arror also 
occurs iff during tha DMA Pixal 
Raadback instruction* tha data 
addrass is in a uir: ^9- protactad 
sagmant. 

Sat by tha Display Procassor to 
indicata that ona of tha undafinad 
<unusad) oparation codas uiaa 
fatchad and dacodad* or that an 
unusad fiald in cartain 
instructions was nonzaro. Chacking 
of T9%9Ty/9d oparation arrors is 
dona only if EN RCHK - 1. 

Sat by tha Display Procassor to 
indicata a programming inconsis" 
tancy* such as ancountaring a 
CHARACTER instruction uihila 
already procassing a character 
subpictura. 

Set to indicata that tha X-Y 
endpoint reached after the DPU 
draws a vector does not equal the 
X-Y coordinates computed from the 
Delta parameters before the vector 
is drawn. This error usually 
indicates a DPU problem in the 
2901 carry or shift logic. 
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Table 3-6 (con't) 
CSR Error Codes 



I Code 


Name 


Description \ 


1 7 i 


Unused Microword 


Set to indicate that the DPU 1 


i -0111 1 


Error 


executed an unused location in the t 
microcode. (Indicates a { 
microprogram sequencer problem). i 


i 10 


Sync Timeout 


1 Set to indicate that sync was not ! 


1 -1000 1 


(from Image 


t received from Image Memory while i 




Memory ) 


the DPU was preparing to write { 
1 into the memory. Indicates that ! 
' either no memory was write-enabled \ 

or that the selected memory is 1 
1 malfunctioning. S 


i 11 


DATA AVAILABLE 


Set when DATA AVAILABLE is not 1 


t -1001 


1 Timeout 


received from Image Memory while 1 




! (Pixel Readback) 


the DPU is performing a Pixel 1 
Readback. 1 


! 12 


DATA READY 


Set when DATA READY is not 1 


1 -1010 


1 Timeout 


1 received from the selected sync ' 




1 (Joystick Status) 


! module while the DPU is trying to 1 
read or write the cursor i 
coordinates. Indicates a I 
malfunctioning or nonexistent sync i 
module. ! 


{ 13 


DBUS DATA 


1 Set to indicate that« during { 


i -1011 


1 Read/Write Error 


1 self-test* the DPU transmitted a { 
> data pattern onto ths DBUS but did \ 
1 not read back the same pattern, i 
' Indicates a problem with either 1 

the DPU's DBUS drivers or ! 
1 receivers or with a sync or memory 1 

board transmitting illegally, i 
1 CAfter stop* DXR - expected data* i 

DYR - actual data. 3 \ 


1 14 


DBUS Signal 


Set during self-test and several \ 


\ -1100 


Hung 


> other operations to indicate that ! 

one of the DBUS status signals is 1 
1 hung (asserted illegally by a sync ' 

or memory board). ' 


1 15 


VBUS (Video Bus) 


Set during self-test and several i 


I -1101 i 


Signal Hung J 


other operations to indicate that ' 
a VBUS status signal is hung. I 


1 -0000 


Spare Error 




1 -1110 1 


Codes 




\ -nil 1 




I 
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3.3.2.5 Main-8tgfli«nt Rtlocation/MviRoru Managvniffnt C8tl«ct"43 - 

S»l»cting r«giftt«r 4 in th« D8R bus location Allows th« 
Main~8»oiii*nt Rtlocation paramttvr to bt written (if bit 3 is 
written to 1), and th« antira Main-Segwtnt Htmory Managvinont 
r*gimt»r (Relocation and Protvction Hatk) to bv raad back. 
Figura 3-6 dapicts tha ragiatar fornata for writing and raading. 

A 12-bit ralocation valua (HR<17: 6>) is apacifiad by writing into 
tha D8R location with bits 3-0 configured as "1100" (octal 14). 
This valua* storad intarnally in bits 11-0 of tha MAZNMM 
ragistar, is justified and added to the DPC contents to produce a 
physical memory address during each DMA cycle. Figure 3-7 
depicts the relocation process. 

The relocation value (and protection mask and Urite-Protect bit) 
is cleared by Initialize. causing the the DPC to reference 
physical addresses in the range O - 32K words. 



WRITE CONDITION 
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MAIN GMENT RELOCATION 
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SELECT MAIN-SEGMENT MEMORY 
MANAGEMENT FOR READING 



READ CONDITION 

15 14 13 



12 



11 



10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



00 



» T- ■ ■ ■ r 

MEMORY MASK (15:12) 
1 1 1 


T" 

1 


-r T" "T 1 1 r-" 1 1 r—- 7 

MAIN-SEGMENT RELOCATION BITS 17-6 (11:00) 
1 1 1 1 1 1 1 1 1 1 



READ MAIN-SEGMENT 
MEMORY MANAGEMENT 



Figure 3-6 

Main-Segment Ra location/Memory-Management 

Register Format 
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WRITE RELOCATION PARAMETER 

15 14 13 12 11 10 09 08 07 06 05 04 03 



02 01 00 



1 


1 1 I "I 1 "■ T" '■ J ' 1 '■ "T- ■'■" »- 

MEMORY RELOCATION BITS 17-06 (15:04) 

i 1- 1... .1. . J 1 1 1 1 1 ., 


1 


, , 

SELECT 

,1 1 



RELOCATION STORED IN 

MAIN-SEGMENT 

MEMORY MANAGEMENT ^ 



15 M 13 12 11 10 09 08 07 Oei 05 04 03 02 01 00 

-T — : 1 1 r 



ixixiyixi 



J L 



T 1 r T 1 r 1 

MEMORY RELOCATION BITS 17-06 (11:00) 
J I I I I I I I I 



17 16 15 14 13 12 11 10 09 08 07 06 



RELOCATION JUSTIFIED 
FOR ADDING TO DPC 



"T" '■ T- ' T" — r 1 1 • — 

MEMORY RELOCATION BITS 17- 

1 L „ I _„„ i J ., i 1, 


— 1 1 1 1 

-06(11:00) 

.1 _ J.. ...1 .., _!.. 



I 



DPC VIRTUAL ADDRESS 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



1 1 1 r r "-1" -I ■ T ■ r 

DPC VIRTUAL ADDRESS 
1 1 ' » 1 » 1 » i 


till 

1 I 1 — 1. 






MEMORY RELOCATION 
BITS 17-06 ADDED TO 
THE DPC VIRTUAL 
ADDRESS BITS 15-06 



IB BIT PHYSICAL ADDRESS 

/ 



17 16 15 14 13 12 11 10 09 08 07 



\/ 

06 05 



04 03 02 01 00 



1 1 1 


T T" — T" -- T T 1 1 1 







1 1 1 


1 1 1 1 1 1 1 1 


i, -, X. _ J i . 





Figure 3-7 
Virtual-to-Physical Memory Relocation Process 



3.3.2.^ Main-Stginvnt Prottction Matk/HBASE Rtad Cstl«ct«5D - 

Sffltcting rvgitttr 3 in th» DSR bu» location allows tht 4-bit 
Main-Sagmant Mamory-Prottction Ma»k and tha Wri ta-Protaction bit 
to ba uirittan and tha HBASE (Histogram Baaa) Ragistar to ba raad. 
Figura 3-6 dapicta tha ragistar formats for writing and raading. 

Tha 4-bit Main-Sagmant Protaction Mask paramatar <MM<15: 12>) is 
spacifiad by writing into tha DSR location with bits 3-0 
configurad as 1101 (octal 15»WE -*- Salact 5). Tha mask valua* 
spacifiad in bits 15-12 of tha word# is stored in bits 15-12 of 
tha liAINMM ragistar (which can ba raad back with Salact Coda 4). 
Whan tha Display Processor is axacuting out of tha main 
display-fila sagmanti this mask valua (concatenated with O's in 
bits 11-0 in the internal mask register PMASK) is logically ANDad 
with tha virtual address in DPC. If tha result is non-zero* the 
DPC is considered to be out of range* and display processing 
stops with the MPE error condition. The reasonable settings of 
the protection mask are given in Table 3-7. 

Table 3-7 
Protection Mask Settings 

SEGMENT 

SIZE VIRTU/^L ADDRESS 

MM<;?: tg> <WQPP9) RAN(?E ^ OCTAL) 

0000 32K 0-177776 

1000 16K 0-07777 A 

1100 BK 0-03777& 

1110 4K 0-017776 

1111 2K 0-007776 



Writing a 1 into bit 9 (MWP) write protects the main segment — 
data cannot ba stored by the DMA Pixel Readback instruction. 
Writing a O into bit 9 clears the main segment write-protect* 
allowing data to be stored. The main-segment write-protect 
appears as bit 15 of the HBASE register. 

When the DSR location is read after Select Code 5 has been 
specified* the internal HBASE (Histogram Base) register is 
obtained. This register contains bits 9-1 of tha value loaded 
with the SET HISTOGRAM BASE instruction shifted right 1 place. 
Paragraph 3.5.2.4 describes the SET HISTOGRAM BASE instruction. 

Bits 15 and 14 of HBASE contain the Main- and Auxiliary- segment 
Write-Protect bits* respectively. 

The Protection Mask and Write-Protect bit are cleared by 
Initialize* allowing a 32K-word wri te-enabled Main Segment. The 
HISTOGRAM BASE register is also cleared by Initialize. 
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VVRITE CONDITION 

15 14 13 
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1 
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MAIN SEGMENT PROTECTION MASK 
AND WRITE PROTECT 
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SELECT HISTOGRAM BASE 
FOR READING 



READ CONDITION 

15 14 13 
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07 



06 
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MWP 


XWP 


RESERVED 

FUTURE 

FLAGS 


RESERVED 

HISTOGRAM 

BASE EXP 


1 1 1 1 f 1 1 \ 

HISTOGRAM BASE BITS 9-1 (08:001 

1 1 1 1 1 ,.J \ \ 



Fiflur* 3-B 
DSR S»l»ct~Cod« 5 R«gist*r Formats 
(Main Sagmant Mask/HBASE Raadback) 
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3.3.2.7 Auxiliary-Svgmvnt Rftlocation/Mvmory Mgmt. CSvl»ct">63 - 



Svltcting rtgi»ter 6 in th* DSR 
th« Auxiliary-Svgmtnt Rclocat 
AUXHM <AuxiliAry-8»gni«nt Htmory 
the rvlocation (XR<17:6>) 
param»t«rs for tht auxiliary di 
format is shown in Figura 
idantically to that of Salact C 
applias to tht Auxiliary ra 
auxiliary sagmant can bt usad f 
data and DHA Pixel Raadback dat 



but location alloitfi 
ion paramatar« and raad 
Managamant) ragittar* 
and protaction-mask 
splay-fila sagmant. Th 
3-9. Thia ragittar 
oda 4« with tha axcapti 
thar than tha Main aag 
or display aubroutinaa 
a. 1 



writing of 
back of tha 
containing 
<XM<15: 12>) 
a ragiatar 
functions 
on that it 
mant. CTha 
I Bit Map 



Tha mamory-managamant paramatars ara claarad by Initializa. 



WRITE CONDITION 

15 14 13 



12 



n 



10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



00 



T" -r" "r"" T- 1 1 1 — T r — i 1 
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AUXILIARY SEGMENT RELOCATION 
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SELECT AUXILIARY-SEGMENT MEMORY 
MANAGEMENT FOR READING 



READ CONDITION 

15 14 13 
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T r r 

•lEMORY MASK (15:12) 
I , , 1 ..,- J 


1 ■ T ' I" r T 1 1 ' ' 

AUX-SEGMENT RELOCATION BITS 17-6 (1 1 :00) 
._ I 1 1 1 1 1 1 1 1 


"1 1 

1 L 



READ AUXILIARY SEGMENT MEMORY 
MANAGEMENT 



Figura 3-9 
DSR Auxiliary-Sagmant/Ralocation Ragisttr Format 
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3.3.2.8 Auxili«ry-S»flm«nt Prottction M«»li/CBA9E CS»l»ct»73 - 

S*l»cting r«gi»t»r 7 in th* DSR bus location alloMs th# 4-bit 
Auxiliary-Sffgiiiffnt Protection Mask and Writa-Protact bit to ba 
birittan« and tha CBASE (Charactar Baaa) Ragiitar to ba raad. 
Figura 3-10 ahouit tha ragiatar format. Thia ragittar functions 
similarly to that of Salact Coda 5* with tha axcaptions that it 
uiritas tha Auxiliary <rathar than Main) Protection Mask and 
Writa-Protact/ and raads back CBASE (rathar than HBASE). Tha 
Auxiliary Sagmant uirita-protact appaars in bit 14 of HBASE. 



Tha CBASE 
CHARACTER 
containing 
bits 1-19 



ragistar holds tha data word loadad by tha SET 
BASE display instruction: bit spacifias tha sagmant 
tha charactar routines <0 » Main* 1 ■ Auxiliary)* and 
specify tha virtual starting address of the charactar 



dispatch mrwm within tha selected segment. 

Tha CHARACTER BASE register is cleared by Initialize. 



WRITE CONDITION 

l'^ 14 13 



19 



11 



10 09 08 07 



06 



00 



AUX-SEGMENT 
MEMORY (15:12) 


X 


X 


MWP 


X 


X 


X 


X 


X 


1 


1 1 

1 1 1 
1 1 



AUXILIARY SEGMENT PROTECTION MASK 
AND WRITE PROTECT 



WRITE CONDITION 



15 
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13 


12 


11 
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07 


06 
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04 


03 


02 


01 


00 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





1 


1 


1 



ec I rr^T* r» 



r> A OTT- I 



«3ti_(^^i v^nMHAW^icn DMOC 



FOR READING 



READ CONDITION 

15 14 13 



12 



11 10 09 08 07 06 05 04 



03 



02 



01 00 



1 1 1 1 1 \ 1 1 T- r — r r — r— r 

CHARACTER BASE BITS 15- 1 

J — 1 1 _JL, .,,,1 ,. 1 J L„. 1 \ 1 1 1 1 


SEG 



Figure 3-10 
DSR Auxiliary-Sagment/CBASE Register Format 
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3.3.3 X-Statuft R*gist«r (DXR) 7xxxi4 

R*«ding th« DXR location (g«n*ral addratt 7ixxx4) pravants tha 
contantft of tha intarnal XSR ragiitar* which can contain aithar 
tha currant X-coordinata of tha graphics position pointar (bits 
O'lO of tha intarnal XPOS ragiatar ahiftad laft 1 placa)* tha 
X-coordinata of a Joyatick Match intarrupt. or tha X~coordinata 
of tha curaor position on tha currantly-aalactad Joystick 
channal. Bit 13 ia a flag indicating tha typa of data containad 
in DXR (0 ■ Graphics or Match position^ 1 ■ Cursor). 

Writing into tha DXR location causas actions dapandant upon tha 
data uirittan into bits 14 and 19 (Pixal Raadback* Joystick Status 
Ragistar lurita and/or cursor raadbacki restoration of X-Y 
graphics position to XSR It YSR« or Cursor-X-position uirita). 

Figura 3-11 dapicts tha DXR ragistar format undar various 
conditions. Tabla 3-9 dascribas tha actions obtainad uihan 
writing into DXR. 

NOTE 

Any writa into DXR causas tha 
Display Processor to bacoma 
mofflantarily "BUSY"* so tha program 
must uiait for tha STOP bit in D& . 
to sat bafora attempting further 
accesses. 



After the cursor status is read into DXR <Bit 15-1)* bits 11-12 
contain status for the selected joystick channel as follows: 

Bit 11: Indicates the state of the JOYSTICK SWITCH Interrupt 
Enable 

Bit 12: Indicates the state of the CURSOR MATCH Interrupt 
Enable 
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READ GRAPHICS 

15 14 13 



12 
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XPOS (GRAPHIC X POSITION) BITS 10-00 
OR JOYSTICK MATCH XCOORDINATE 
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READ CURSOR 
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WRITE PERFORM PIXEL READBACK 

15 14 13 12 11 10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



EEKKK 



00 



X-POSITION FOR PROGRAMMED 
PIXEL READBACK 




WRITE JS INTERRUPT CURSOR POSITION INTO DXR/DYR 

15 14 13 12 11 10 09 08 07 


06 


05 


04 


03 


02 


01 


00 





1 


X 


X 


X 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 



WRITE JS STATUS REGISTER 

15 14 13 12 11 



10 



09 



08 



07 



06 



05 



04 



03 



02 01 



00 






1 


X 


X 


X 


1 


1 

JOYSTICK 

CHANNEL 

. 1 


1 r 1 1 1 1 1 

DATA FOR JOYSTICK STATUS REGISTER 

1 1 J J. 1 . . -..L 1 



WRITE GRAPHICS POSITION TO DXR/DYR 

15 14 13 12 11 10 09 


08 


07 


06 


05 


04 


03 


02 


01 


00 


1 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 



WRITE CURSOR X COORDINATE 

15 14 13 12 11 



10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



00 



1 



1 




1 

JOYSTICK 

CHANNEL 



! I 1 1 ' ' 

CURSOR XCOORDINATE 

' ' I \ I L 




Figur* 3-11 
DXR Rcgisttr Formats 
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T»bl» 3-9 
DXR Writ* Functions 

Bit Bit 

PIXEL READBACK: The follouiing ft«qu«nc» it initiated: 

(1) Bits 11-0 of tht data ar* writttn 
into XSRi tha data is shiftad 
right 1 placa and loadad into tht 
intarnal XPOS rtgittar. Proct»»or 
bacomas "busy". 

(2) A READ of Imaga Hamory is parformad 
at tha coordinatas spacifiad in tha 
XPOS It YP08 <Y-position) ragistars. 
Any mamory channal in uirita-only or 
raad/uirita moda rasponds. 

<3) Bits 9-0 of tha data raturnad from 
mamory ara loadad into bits 9-0 of 
tha DSR ragistar: tha ramaindar of 
DSR (bits 10-15) is prasarvad. 

<4) Tha intarnal DSR Ragistar Salact 
Coda is claarad to 0/ salacting tha 
"raal" DSRi tha DPU raturns to 
"idla" allouiing registers to ba 
raad. 

1 JOYSTICK STATUS: Action dap and s upon contents 

of bit 10. 
Bit 10 * 0: Reading of tha cursor coordinatas 
on the currently-selected Joystick 
channel is initiated (Display 
Processor becomes "busy"). DSR 
Register- Select code is cleared* 
selecting DSR (so STOP bit can be 
monitored). Cursor coordinates ar9 
returned in DXR and DYR. and the 
Display Processor returns to 
"idle". (Coordinates arm returned 
only if a Joystick suiitch interrupt 
is present in the current channel. 
If no interrupt has been taken* the 
DATA READY Timeout error code will 
be loaded into the CSR). 

Bit 10 - 1: Bits 0-7 of the data is written to 
the Joystick Status Register (See 
Paragraph 3. 5. 2. 1 for a description 
of the register). In addition* if 
Bit 6=1* the cursor coordinates on 
the selected channel (bits 8* 9) 
are t9s4 into XSR & YSRi the 
Display Processor is "busy" for the 
duration of the read. 
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T«bl» 3-9 (cont'd) 
DXR Writ* Functions 



Bit Bit 

15. 1± Ac^jgn 



RESTORE GRAPHICS POSITION: Loads th« currtnt contents 

of th« internal XPOS and YPOS 
rtgittars into XSR and Y8R <for 
display in DXR Ic DYR). 

WRITE CURSOR X-COORDINATE: Loads bits 1-10 of tht data 

into tha X cursor position of tht 
channal salactad by bits 11-12. 
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3.3.4 Y-9tatuft Rtgittvr <DYR) 7iiix6 



Rvading th 
contents 
th» curran 
0-10 of 
Y-coordina 
of th* c 
channal. 
in DYR ( 
functions 
prtttnttd. 



• DYR location (ganaral addrass 7xxx 
of tha intarnal Y8R ragistar* which 
t Y-coordinata of tha graphica poaiti 
tha intarnal YPOS ragiatar ahiftad 
ta of a Jov^tick Match intarrupt* or 
uraor position on tha currantly 
Bit 19 ia a flag indicating tha typa 
O « Graphics or Match position* 1 « 
idanticallg to raading DXR axcapt tha 



x6) prasants tha 
can contain aithar 
on pointar (bits 
laft 1 placa). tha 

tha Y-coordinata 
salactad Joystick 
of data containad 

Cursor). Raading 
t Y information is 



Writing into tha DYR location causas actions dapandant upon tha 
data itfrittan into bits 13« 14 and 15 <Pixal Raadback« Manory 
Status Ragiatar uirita* "soft** Initializa« uirita Cursor Y 
Coordinata« or urrita Extandad Cursor Control). 

Figura 3-12 dapicts tha DYR ragiatar format undar various 
conditions. Tabla 3-10 dascribas tha actions parformad uihan 
writing into DYR. 



NOTE 

Any writa into DYR causas tha 
Display Procassor to bacoma "BUSY*** 
ao tha program must wait for tha 
STOP bit in D8R to sat bafora 
attampting furthar accassas. Tha 
D8R ragistar-salact coda is claarad 
whan DYR is writtan to facilitata 
tha monitoring of STOP. 



Aftar tha cursor status is raad into Y8R (Bit 19-1 )« bits 11-13 
contain status as follows: 



Bit 11: (SYNC INTL) 



"0" indicatas tha sync modula is in 

"Non-Intarlacad** moda. 
"1** indicatas tha aync modulj is in 

"Intarlacad** moda. 



Bit 12: 
Bit 13: 



(C-H INT) 
(MEM INTL) 



Indicatas tha stata of tha 

Crosshair Ifitansity Enabla. 

"0'* indicatas tha imaga mamorias 
mv in ''Non-Intarlacad" moda. 

"1** indicatas tha imaga mamorias 
ara in '^Intarlacad" moda. 
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READ GRAPHICS 

15 14 13 



12 



11 



10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



00 



- 


X 


X 


X 


' ' y'pOSIG'raPHIC Y POSITION)' BITS io-00 

OR JOYSTICK MATCH Y-COORDINATE 

- -1 -- J 1 1 — i 1 1 1 1 1 


X 



READ CURSOR 

15 14 13 



12 



11 



10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



00 



1 


X 


MEM 
INTL 


C-H 
INT 


1 1 1 1 1 1 1 1 1 1 

^^^^^ CURSOR Y-COORDINATE 
INTL 

1 \ 1 1 J_ .._. 1 1 1 1 


X 



WRITE PERFORM PIXEL READBACK 

15 14 13 12 11 10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



00 









X 


X 


X 


X 


' ' Y-P0SIT|6n PROGRAMMED 

PIXEL READBACK 
1 1 1 1 1 1 1 i..., 


X 



WRITE MEMORY STATUS 

15 14 13 12 



11 



10 



09 



08 



07 



06 



05 



04 



03 



0? 



01 



00 






1 


X 


X 


X 


J\\ CHANNEL 


MEMORY STATUS DATA 

BA REGISTER 
1 1 1 1 1 1 1 



WRITE INITIALIZE 

15 14 13 


12 


11 


10 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 


1 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 



WRITE CURSOR Y-COORDINATE 

15 14 13 12 11 



10 



09 



08 



07 



06 



05 



04 



03 



T 



02 01 
I 



00 



JOYSTICK 
CHANNEL 



CURSOR Y-COORDINATE 




WRITE EXTENDED CURSOR CONTROL 

15 14 13 12 11 10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



00 



1 


1 


1 


X 


X 


X 


1 

JOYSTICK 
CHANNEL 


1 1 1 1 1 

RESERVED 
1 1 i 1 1 


SOFT 
SW 


BLNK 
ENA 



Figure 3-12 
DYR Rcgifttffr Format* 
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Tabl* 3-10 
DYR Writ* Function* 

Bit Bit 

PIXEL READBACK: Th« following »tqu«nc« is initiated: 

(1) Bits 9-1 of th« data uirittvn is 
shifted right 1 placa and loadtd 
into the internal YPOS register. 
The DPU becomes "busy"*. 

<2) A read of image memory is performed 
at the coordinates specified in the 
XPOS and YPOS registers. Any 
memory in Write-only or Read/Write 
mode responds. 

(3) Bits 9-0 of the data returned from 
memory are loaded into bits 9-0 of 
the DSR register (not all bits mrtt 
necessarily valid). Bits 19-10 of 
DSR mv preserved. 

<4) The internal DSR Register-Select 
code is cleared to 0* selecting the 
DSR. The DPU returns to "idle", 
allouiing registers to again be 
accessed. 

1 WRITE MEMORY STATUS BA: 

Bits 0-7 of the written data are sent to 
the Image Memory STATUS BA register! 
bits 8 and 9 select the specific memory 
channel written. See the description of 
the STATUS C display instruction 
(Paragraph 3.5.2.11) for a description 
of the register function bits. 



INITIALIZE 



The DPU startup sequence is performed, 
initializing internal registers and 
performing a "self-test". DPC and the 
graphic position registers *t9 cleared, 
PCSAVE is set to "empty" status, pending 
interrupts and flags are cleared, memory 
management registers are cleared, and 
CSR is cleared. If an error is detected 
during self-test, the error code will 
appear in the CSR. If all tests mvm 
passed, all image memories ar9 placed in 
Write-only mode and cleared, and all 
Joystick channels are cleared. 
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T«bl» 3-10 (cont'd) 
DYR Writ* Function* 



Bit Bit 

iS, 11 Action 



1 Ill/Bit 13-0: WRITE CURSOR Y-C00RDIF4ATE: 

Loadft bits 1-10 of the data into th» Y 
cursor position of th« Joystick channtl 
s»l«ct*d by bits 11-12. If th« chann*! 
dots not exist. a DATA READY TIMEOUT 
arror will ba indicated in tha CSR. 

1 w/Bit 13-1: WRITE EXTENDED CURSOR CONTROL REGISTER: 

Loads bits (Blink Enable) and 1 
(Simulate Switch) into the Joystick 
channel selected by bits 8 and 9. 
Setting the Blink Enable causes any 
pixel with bit 8 set (-1) in the Image 
Memory feeding the SYNC (Joystick) 
channel to "blink" off and on while 
being displayed on the monitor. The 
cursor itself does not blink. Setting 
the Simulate Switch bit simulates 
closure of the manual joystick switch. 
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3. 4 INTERRUPTS 

Th« VSVll is ■isigntd m block of four inttrrupt vtctorm <(right 
16-bit uiordt). Th* beginning of th* block it tuiitch-stltctabl* 
in th* rang* O through 3760 (octal): th» block muit fttart on an 
•van 16-byta boundary. Vactort uiithin tha block ara allocatad aa 
fthown in Tab la 3-11. 

Tab la 3-11 
Intarrupt Vactora 



IntarruDt Condition 





Factory 


Offsat uiithin 


Standard 


ei9cif ffiyl^t) 


Atf^rf»» 





320 


-•-4 


324 


■HO 


330 


•H4 


334 



STOP 

CURSOR < J. S. ) MATCH 

ERROR 

JOYSTICK SWITCH 



An intarrupt condition arising during display processing causas 
processing to stop (processor returns to "idle")« either 
immediately or at tha logical conclusion of the c rrent display 
instruction. Tha JOYSTICK SWITCH interrupt can be initiated when 
the Display Processor is either busy or idle* while the others 
arise only while the processor is busy (they mvw mutually 
exclusive). 

The interrupts mv organixed into two groups* A and B. Group A 
consists of the STOP and CURSOR HATCH interrupts. Group B 
consists of the ERROR and JOYSTICK SWITCH interrupts. The actual 
interrupt occurring as the result of a stop condition can be 
enabled/disabled via the STATUS A display instruction (Paragraph 
3.9.2.10). When the stop interrupt is disabled* the conditions 
cause display processing to stop but no interrupt to be requested 
(unless the Force Stop Interrupt bit in CSR is set; Paragraph 
3.3.2.4). The CURSOR MATCH condition is itself enabled/disabled 
via the JOYSTICK STATUS display instruction (Paragraph 3.5.2.1). 

Group B interrupts mra always enabled. However* the JOYSTICK 
SWITCH condition can be enabled/disabled via tha JOYSTICK STATUS 
display instruction. 

The presence of pending interrupts can be monitored and cleared 
via the FLAGS register (Paragraph 3.3.2.3) when the Display 
Processor is idle. The register will indicate a pending 
interrupt only when the PDP-11 CPU is running at or above the 
request level of the VSVll itself (if the CPU were running below 
the VSVll 's level* the interrupt would occur and the "pending" 
status cleared). 
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3. 4. 1 STOP Interrupt 

Thff STOP interrupt i% generated uihen the V8V11/VS11 system 
completes m LOAD STATUS A instruction* provided the Stop 
Interrupt Enable and Stop Interrupt bits mrw set and the 
VSVll/VSll does a display stop. This interrupt is conditioned by 
bits e# 9 and 10 of the LOAD STATUS A control instruction 
(Paragraph 3.5.2.10). These bits must be set to the one state in 
the display file to produce the STOP interrupt. If a previous 
STATUS A instruction has enabled the interrupt but did not stop 
(bit 10«0, bits 8 «t 9 -l), or if the FORCE STOP INTERRUPT bit in 
CSR is set# a stop caused by writing into one of the VSVll device 
registers will generate a STOP interrupt. 



3.4.2 CURSOR MATCH Interrupt 

CURSOR MATCH is an interrupt which can be manually initiated from 
the VSVll/VSll joystick. This interrupt can be enabled by 
setting bits 2 and 3 of the JOYSTICK STATUS register* either by a 
control instruction (Paragraph 3.5.2.1) or a write into DXR from 
the host computer (Paragraph 3. 3. 3). The cursor video (bit 5 of 
the joystick status control instruction) should be set (one 
state) to allow positioning of the system monitor crosshairs with 
the joystick. When the position of the crosshairs matches a 
pixel position* and the joystick switch is pressed* the JOYSTICK 
MATCH interrupt is generated provided the Display Processor is 
writing to that Image Memory pixel position. 

At the time the match between cursor coordinates and current 
graphic position (i.e.* the display "writing" position) occurs* 
the Display Processor stops executing the display file* leaving 
the current coordinate (of the match position) in DXR and DYR for 
the program to read. The internal graphic position is* however* 
updated to the logical endpoint of the element (vector* 
histogram* etc. ) being drawn* so that a Resume can continue the 
picture. 

In typical use* an applications program will execute the display 
file once to draw the desired picture onto the screen* enable the 
joytick switch-interrupt (Paragraph 3.4.4)* and then stop. When 
the user positions the cursor and depresses the switch* the 
program will be notified (via a Joystick Switch interrupt). The 
program will then start the display file again* but with the 
CURSOR MATCH interrupt enabled* to find the graphic element 
intersecting the cursor crosshairs. 
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3.4.3 ERROR Interrupt 

Th» ERROR interrupt is produced whvnvver th* Ditplav Procvssor it 
vxtcuting m diiplay filv and on* of thv vrror conditions listtd 
in Tablt 3-6 is dtttcttd. Th* ERROR interrupt is autoniatic (it 
cannot b* disablsd). 



NOTE 

Errors arising from programmtd I/O 
opsrations (writing into DXR or 
DYR) causff th» error code in CSR to 
be loaded* but no interrupt is 
generated. 



3.4.4 JOYSTICK SWITCH Interrupt 

JOYSTICK SWITCH is a manual interrupt which can be initiated from 
the VSVll/VSil joystick control. This interrupt is conditioned 
(enabled/disabled) by bits and 1 of the joystick status 
register in the VSV11/V811 SYNC modules. This register may be 
loaded by the JOYSTICK STATUS control instruction* or by writing 
into the DXR register with bits tc 1 both written to 1» the 
JOYSTICK SWITCH interrupt is enabled on the selected channel! it 
is automatically disabled on all other channels. 

With the interrupt enabled* action taken when the manual joystick 
switch is pressed depends upon the state of the Display 
Processor. If the DPU is executing the display file* it stops at 
the end of the current display instruction* loads the cursor 
coordinates into DXR and DYR (setting bit 19 of both registers) 
and generates the interrupt to the CPU). If the DPU is idle (not 
executing the display file) when the switch is pressed* only the 
interrupt is generatedi the program in the CPU must cause the 
cursor coordinates to be retrieved into DXR and DYR by writing 
40000 (octal) into DXR. 



3.5 VSVll/VSll INSTRUCTION SET 

The VSVll/VSll instruction set consists of over 30 instructions* 
organized into four basic types: 

1. Graphic-Mode instructions* including Vector* Point* 
Character* Oraph/Histogram and Run-Length. The 
Oraphic-Hode instructions set the basic operating 
characteristic of the Display Processor* determining the 
interpretation of the Graphic Data instructions which 
follow. 
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2. Graphic Data instruction»« uiith various formatft 
dapending upon tha currant Graphic lioda. Thasa 
instructions dafina coordinatas and graphic antitias to 
ba shouin on tha systam monitor (CRT). 

3. Control instructions^ providing for satup of Imaga 
Mamory and joystick channals» branching of tha display 
program within tha display fila (Jump and 
Jump-to-Subroutinai and subroutina raturn)> claaring of 
imaga mamorias and No-Op. 

4. Spacial Graphic instructions! including Bit-Map 
(pixal-by-pixal writing into Imaga Mamory) and DMA Pixal 
Raadback (from Imaga Mamory into PDP-li mamory). 

Figura 3-13 is a summary which shows tha VSVll/VSll instruction 
sat word formats^ including tha formats of data words 
accompanying tha basic instructions. Excapt whara spacifically 
indicatad« all unusad bits in tha instructions should ba sat to 
zarc whan tha display fila is programmad. Following this rula 
will ansura that currant display programs will ba compatibla with 
futura varsions of tha VSVll/VSll with axpandad instruction sats. 

Display fila words having bit 15 sat (1) ara tarmad "control" or 
"instruction" words and ara normally intarpratad as Graphic-Moda# 
Controls or Spacial instructions. 

In such casai bits 14-11 dafina a basic instruction Op-Coda. 
Intarpratation of bits 10-0 dapands upon tha basic Op-Coda: for 
tha Graphic Moda Op-Codas thesa bits dafina pixal data 
( intansity/color)« whila for tha Control and Spacial Op-Codas 
they provide further definition of the operation to be performed 
or data to ba loaded into various registers. 



Graphic Data instruction words avB those in which bit lb is clear 
current Graphic-Mode 






Table 3-12 summarizes the octal word configuration of tha basic 
Graphic-Mode« Control and Special instructions* serving as a 
brief programmer's reference. 

The following paragraphs describe each of the VSVll/VSll 
instructions in detail. 



NOTE 

Unused/undefined instruction 
Op-Codes function as a No-Op if the 
EN RCHK bit in CSR is 0. They 
cause a stop with ERROR interrupt 
if EN RCHK is 1. 
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CHARACTER MODE 

15 14 13 



10 



GRAPHIC MODE INSTRUCTIONS 

09 08 07 06 05 04 03 02 01 



00 



1 


r r 



1 1 


■7 


I 





PIX 

ENA 


r 

1 


I 

1 


"1 

1 


1 1 

PIXEL DATA 

1 » 


(INTENSITY) 

1 




1 r 

1 




03 


02 


01 




> k 


c 


)ATA WORD 

15 14 


13 


12 


11 


10 09 


08 


07 


06 


05 


04 


00 









1 ! I I I 1 

2ND CHARACTER CODE 
1 1 1 1 1 1 





1 I 1 I r 
1ST CHARACTER CODE 
1 1 1 1 1 




12 


SHORT VECTOR MODE 

15 14 13 


11 


10 


09 


08 


07 


06 05 


04 


03 


02 


01 


00 


03 


02 


01 




1 


1 1 



1 1 


1 


1 


1 


PIX 
ENA 


1 
1 




1 
1 


1 1 

PIXEL DATA 

1 i 


(INTENSITY) 




I 
I 1 






1 i 


t 


DATA V 

15 


VORD 

14 


13 


12 


11 


10 09 


08 


07 


06 


05 


04 


00 









INT 


POS 

NEG 


1 I 1 1 1 

AX 6 BITS 
1 1 1 1 1 


POS 

NEG 


1 




AY 6 BITS 
1 1 




r 
1 




12 


LONG VECTOR MODE 

15 14 13 


11 


10 


09 


08 


07 


06 05 


04 


03 


02 


01 


00 


03 


02 


01 




1 


1 1 

1 1 


1 





PIX 

ENA 




1 




PIXEL DATA 
1 1 


(INTENSITY) 

1 




1 1 
1 1 






1 


1 


FIRST 

15 


DATA 
14 


MORD 
13 


12 


11 


10 09 


08 


07 


06 


06 


04 


00 







INT 


POS 
NEG 















1 

1 




^X 10 BITS 
1 1 


1 


1 1 




I 

1 








SECON 

15 


D DAT 

14 


A WOR 
13 


D 

12 


11 


10 09 


08 


07 


06 


05 


04 


03 


02 


01 


00 










POS 
NEG 











1 




1 




AY 10 BITS 
1 i 


1 


1 1 




1 






JTE) 

12 


POINT MODE (ABSOLl 
15 14 13 


11 


10 


09 


08 


07 


06 05 


04 


03 


02 


01 


00 


03 


02 


01 




1 


1 1 1 
11 

1 1 1 


PIX 

ENA 








1 1 
PIXEL DATA 
1 1 


(INTENSITY) 

1 




• 1 
1 i 






I 


\ 


FIRST 

15 


DATA\ 
14 


fVORD 

13 


12 


11 


10 09 


08 


07 


06 


05 


04 


00 







INT 


















1 

1 




X 10 BITS 
1 1 


1 


1 1 




1 




I 




SECONI 

15 


3 DAT> 

14 


\ WOR( 

13 


5 
12 


11 


10 09 


08 


07 


06 


05 


04 


03 


02 


01 


00 






















I 
1 




1 
1 




Y 10 BITS 
I 1 




I 1 




T 

.1 .,., 









Figure 3-13 
V9V11/V911 Instruction Word Sufflmary 
(ih»»t 1 of 5) 
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GRAPH/HISTOGRAM X MODE 

15 14 13 12 11 10 09 08 07 06 05 



GRAPHIC MODE INSTRUCTIONS (CONT) 

03 02 01 00 



04 



1 





T 1 

1 
1 1 


I 


1 





PIX 
ENA 




1 




r I T 

PIXEL DATA 


1 1 

(INTENSITY) 

1 




1 

I 


T — 
1 




01 






/HiSl 
14 


t 1 




DATA 
15 


WORD 

14 


13 


12 


11 


10 


09 


08 


07 


06 


05 


04 


03 02 


00 







GR 
HIS 


IcONN 
FILL 


INH 
INC 








1 I 1 T ' ' I I 

X COORDINATE 10 BITS 
1 1 1 1 1 1 1 1 




■QGfiAM 

13 


T iviOi 

12 


GRAPH 
15 


Jt 

11 


10 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 




01 




1 





T "T 

1 
1 1 





1 


PIX 
ENA 




I 
1 


1 


r 1 
PIXEL DATA 
1 I 


(INTENSITY) 

1 


1 


1 


I 








VE P 
14 


I \ 




DATA 
15 


WORD 
14 


13 


12 


11 


10 


09 


08 


07 


06 


05 


04 


03 02 


00 







GR 
HIS 


CONN 
FILL 


INH 
INC 








1 I 1 1 » ' > F I 

Y COORDINATE 10 BITS 
1 1 1 1 t 1 1 1 1 




OINT MG 

13 


OE 

12 


RELAT 

15 


11 


10 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 




01 




1 





I T 
1 

1 1 


1 





PIX 
ENA 








I 
PIXEL 


DATA 

1 


(INTENSITY) 

1 




1 
i 


I 
1 










. I 




DATA 

15 


MORD 
14 


13 


12 


11 


10 


09 


08 


07 


06 


05 


04 


03 02 


00 







INT 


POS 

NEG 


1 1 1 1 I 

AX 6 BITS 
1 1 1 1 1 


POS 

NEG 


1 r 1 1 I 

AY 6 BITS 
! .. 1 .1 _l J 









RUN LENGTH MODE 

15 14 13 12 



11 



10 09 08 07 06 05 04 03 02 01 



00 



1 

I ' 



SKIP 



DBL 



. Y 

DWN 



DATA WORD 

15 14 13 12 11 
T 



10 



09 08 07 06 05 04 



03 



1 1 1 

RUN LENGTH 



02 01 00 

1 1 



PIXEL DATA 8 BITS 

J I ■ I 
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CONTROL MODE INSTRUCTIONS 



X)YSTICK STATUS 

15 14 13 12 11 10 


09 08 


07 


06 


05 


04 


03 


02 


01 


00 


1 


1 r ■ r 1 

10 11 
1 1 1 1 _. 


JOYSTICK 
SELECT 





RD 


CH 
INT 

ENA 


CH 
INT 


MCH 
INTR 
ENA 


MCH 
INTR 


sw 

INTR 
ENA 


SW 
INTR 



SET HISTOGRAM BASE 



15 


14 


13 


12 


11 


10 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 


1 


1 
1 



...- . J 


1 

1 




1 




































DATA WORD 

15 14 13 



12 11 



10 



09 08 



02 01 



00 















1 1 1 1 1 1 




— 1 r— - 




















HISTOGRAM BASELINE 

L _ .1_. _ L 1 1 1 


_ i_ _ 


1 1 



SET CHARACTER BASE 

15 14 13 12 



11 



10 



09 08 



07 



06 05 



04 



03 02 



01 



00 



1 


1 




I 


1 




1 1 


1 



































14 


1 




DATA WORD 
15 14 


13 


12 


11 




10 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 




1 


— I 

1 








i 


1 I I I "I 

CHARACTER BASE ADDRESS 
1 1 1 1 1 




1 ■ ^ 


1 

1 


1 




SEG 
SEL 




13 


12 


JUMP 
15 


11 


10 


09 


08 


07 




06 


05 


04 


03 


02 


01 


00 


03 


02 


01 




1 


1 


1 

1 






1 1 














'1 















i 1 












•osu 

14 


a 




DATA WORD 

15 14 


13 


12 


11 




10 


09 


08 


07 


06 


05 


04 


00 




1 1 1 






i 


I J 1 1 ■ -T 

VIRTUAL JUMP ADDRESS 
1 1 1 1 1 




1 


1 


1 









BROUTl 

13 


NE 
12 


JUMP! 

15 


11 


10 


09 


08 


07 




06 


05 


04 


03 


02 


01 


00 


03 


02 


01 




1 


1 


1 

1 










1 




J 








1 

J 


■ I 


• 





I 


• 1 






1 1 





1 






14 


. k 




15 


14 


13 


12 


11 




10 


09 


08 


07 


06 


05 


04 


00 




1 1 1 

1 1 1 






V ■ 1 I r I f 
VIRTUAL SUBROUTINE ADDRESS 
1 i 1 1 1 1 




T 

1 


1 


I 




SEG 
SEL 




13 


12 


DNOP 

15 


11 


10 


09 


08 


07 




06 


05 


04 


03 


02 


01 


00 










1 


1 


1 




L 


1 I 
1 

J L 


1 











1 


I I r 1 —f 
VERTICAL DOWNCOUNT 
1 ' ■ ' ■ 
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DROP 

15 14 13 12 



CONTROL MODE INSTRUCTIONS (CONT) 

10 09 08 07 06 05 04 03 02 01 



1 


1 1 
1 1 1 


— 1 1 

1 

L-. I 


1 





1. 





1 1 



- -,J 


1 






L.. J 




1 


1 1 


1 1 




1 






MARKER NOP 

15 14 13 12 



11 



10 



09 08 



07 



110 11 

■ ■ ■ ' 



06 05 04 03 
! » 



T ! 1 1 r 

AVAILABLE FOR USER 
I I I U 



02 01 00 



LOAD STATUS REGISTER A 

15 14 13 12 11 
I 1 ! 



10 09 



1 



1110 
I I I 



STOP 



STOP 

INTR 
ENA 



08 07 06 05 04 03 02 01 



00 



STOP 
INTR 



SW 
A/B 



SET 
CLR 
ENA 



SET 
ClR 



I t I 

AVAILABLE FOR USER 
-i I I I 



LOAD PIXEL DATA INHIBIT 
15 14 13 12 11 

I I 



1 1 1 
' ' ' 



10 09 08 07 06 05 04 03 02 01 00 

1 I V^l PDI I I I I I 



LOAD G/H INCREMENT 

. 15 14 13 12 
1 I 



1 



1 



1 1 

I 



11 10 
1 

1 



LOAD EXTENDED JOYSTICK CONTROL 

15 14 13 12 11 10 
1 r 



1 



1 1 

1 1 
I I 



LOAD CURSOR CO-ORDINATES 

15 14 13 12 11 10 

1 



1 



T 1 r— 

11110 

t^ ' ' ■ 



i/\i II 



I ' I " I ' I 



09 



08 07 06 05 04 03 02 01 
r 



00 




till 

GRAPH/HISTOGRAM INC 
I I I I 



09 08 

I 

1 1 

■ 



07 06 05 04 03 02 01 00 

— I I T 



JOYSTICK 
SELECT 




I i I 



SOFT 
SW 



BLNK 
ENA 



09 08 



07 06 05 04 03 02 01 

I 

JOYSTICK 

SELECT 



00 



DATA WORD 

15 14 


13 


12 


11 


10 09 08 07 06 05 04 03 02 01 


00 


xx 


X 


X 


f: 7 

X 


CURSOR X CO-ORDINATE 
1 1 1 i i 1 1 1 i 


X 


DATA WORD 

15 14 13 12 11 


10 09 08 07 06 05 04 03 02 01 


00 


X 


X 


X 


X 


X 


CURSOR Y COORDINATE 
. 1 1 — _i i i 1 i_J 1 1 


X 



LOAD STATUS REGISTER C 

15 14 13 12 11 10 


09 08 


07 


06 


05 04 


03 


02 


01 


00 


1 


1 ( r I 
11111 

1 1 1 1 


CHANNEL 

SELECT 

.1 








MEMORY 

R/W 

MODE 


R/W 
SW 
ENA 


rs 

ONLY 
ENA 


rs 

ONLY 
ENA 


X 
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WT MA^ 

IS 14 



13 11 10 00 

r 



SPECIAL INSTRUCTIONS 

07 06 06 04 03 03 01 



00 



1 

t 

1 



4 BIT 
8 BIT 



MPS 



SKIP 



X2 



SM 



I I k > l ^ 

PAN- \y SOUP 
ION y\^ FORH 



EXPAN- 
SION 



SOURCE 
FORMAT 



BIT MAf 1 

IS 14 13 12 11 

— I 1 1 



10 00 



06 04 03 09 01 00 



1 



1 

L._ 



1 1 
J 1 



4 BIT 
8 BIT 



PIXEL DATA COUNT 

I , I I L. 



SCCONO INSTRUCTION WORO 

IS 14 13 12 11 10 00 oa 07 06 06 04 03 03 



1 1 L 


-I T- r ■ T ■ r 1 r- — r 1 1 1 

DATA ADDRESS (VIRTUAU 

J 1 1 i 1 1 1 L 1_ I _1 


SEG 



SECOND 

DATA 

WORD 



44IT DATA WORD 

15 14 13 


13 


11 


10 00 


08 


07 


08 06 


04 


03 


03 01 


00 


1 1 1 

PIXELS 
1 1 1 


1 


PIXEL 3 


1 
I 


I -1— ■ ,- -■ 

PIXEL 1 
1 1 1 


PIXEL 
1 1 1 


8-BIT DATA WORD 
IS 14 13 


12 11 


10 00 


08 


07 


08 06 


04 03 


03 01 


00 ' 


.. ...„L_ ,.,. J I 


1 1 
PIXEL 1 

. ,_J L 


, i.. . 


J 




1^ 1 


PIXEL 




1- 



SPECIAL INSTRUCTIONS (CONT) 

DMA PIXEL REAOBACK 
IS 14 13 13 11 10 00 08 07 06 06 04 03 03 01 00 

-T 1 1 1 

10 1 



1 



4 BIT 
a BIT 



SKIP 



Y 
OWN 



K/IVTvl ^^ 



MASK 
SELECT 



RST 



ADDITIONAL DATA WORDS FOR RST SET TO ZERO 

IS 14 13 12 11 10 OB 08 07 08 06 04 03 02 01 00 









AREA WIDTH UN PIXELS! 




_i J. _ _i J 



14 13 12 11 



10 00 08 07 06 06 04 03 03 01 00 



AREA HEIGHT (NUMBER OF LINES) 





DATA WORDS FOR RST SET TO ONE OR ZERO 

15 14 13 12 11 10 00 08 07 06 06 



03 02 01 00 



» 1 ' 1 

I L _ J_ J 


1 1 1 1 1 1 1 1 1 1 1 

WORD COUNT 

_^ 1 1 L 1 1 1 1 1 1 1 1 



14 13 12 11 

1 1 1 



10 oa 08 07 08 06 04 03 02 01 00 
1 I 1 I I r t » f 

DATA ADDRESS (VIRTUAL) 



SEG 
SEL 



SECOND 

DATA 

WORD 



4-8IT DATA WORD 
18 14 13 


12 


11 


10 00 


Oi 


07 


06 06 


04 


03 


03 01 


X 


> I ""T 
PIXEL 3 




1 
PIXEL 2 

1 


r 
1 


II' 
PIXEL 1 




PIXEL 

1 


1 


8-8IT DATA WORD 
15 14 13 


12 11 


in 09 


08 


07 


06 06 


04 03 


02 01 


00 


' 1 1 ? I ! 
PIXEL 1 

1. ..-L ....i,. _L. _i 1 ■ 1 


PIXEL 

1 1 1 i i 1 1 
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TabU 3-12 
VSVll/VSll Instruction Stt Summary 



{ I-BitftI Instruction { Octal Codtt ! 
I 14-10 { 5 S 


i 00000 t Bat CHARACTER Mod* i 100000 ! 
i 00001 t Zlt Load Pixal Data] I 102000 - 103774 i 


i 00010 i Sat SHORT VECTOR Mod a f 104000 1 
! 00011 i etc Load Pixal Data] i 106000 - 107774 { 

i 00100 ! Sat LONG VECTOR Moda i 110000 t 
1 00101 I etc Load Pixal Data] i 112000 - 113774 \ 

: 00110 ! Sat ABSOLUTE POINT Moda t 114000 ! 
1 00111 i etc Load Pixal Data] t 116000 - 117774 1 

! 01000 ! Sat GRAPH/HI STOGRAM-X Moda ! 120000 ! 
; 01001 1 etc Load Pixal Data] I 122000 - 123774 ! 

; 01010 ! Sat GRAPH/HI STOGRAM-Y Moda { 124000 \ 
i 01011 : etc Load Pixal Data] i 126000 - 127774 I 

; 01100 t Sat RELATIVE POINT Moda .' 130000 { 
1 01101 { etc Load Pixal Data] I 132000 - 133774 ! 

1 OHIO ! BIT-MAP-0 (4-Bit Pixal Data) » 134000 e+400 for B-bit Mamory] \ 
I { BIT-MAP-0 <B-Bit Pixal Data) 1 135000 e-»-200 for Skip] \ 

! i I C-*-40 for Smoothing] ! 
1 J 1 e+O, 10. or 20 for 1 
1 ! I xli x2f or x4 Expansion] I 
1 ! I e-t-0 for 32x32 Array, 1 
It I -H for 64x64 Array» i 

1 i t 1-4 for 296x256 Array] t 


1 01111 I BIT-MAP-1 (4-bit Pixal Data) I 136000 ■»■ Count eOOO-777] 1 
1 1 BIT-MAP-1 (B-bit Pixal Data) 1 137000 ♦ Count eOOO-777] 1 


1 10001 { (Rasarvad) l 142000 - 143777 

i 10010 : Sat RUN-LENGTH Moda ! 144000 C->-400 for Lina-Skip] \ 
I I i e-HOO for Doubla-Count] 1 
I t \ C+40 ftff Stap Y Down] 1 

! 10011 I JOYSTICK STATUS (Channal 0) ! 146000 e-*-l00 to Raad Cursor] ! 

•' \ (Channal 1) ! 146400 e-(-60 to Enabla Crosshairs ! 

•' *' (Channal 2) .' 147000 •t-40 to Djsabla Crosshairs] 1 

i t (Channal 3) I 147400 C-t-14 to Enab4a Match Int.* 

i i i ^10 to Disatla Match Int. ] i 

' 1 i e-(-3 to Enabla Switch Int. . 1 

i ! ; '«-2 to Disabla Switch Int.] I 
1 . » ,._ , 
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Tabl* 3-12 <cont'd> 
VSVli/V8ii Instruction S*t Summary 



i I-Bitftt 


Instruction 1 




Octal Codt<s) i 


I 14-10 1 








i 10100 i 


SET HISTOCRAM BASE i 


150000 






(R*s«rv»d) 


150001 


- 151777 1 


1 10101 t 


SET CHARACTER BASE 


152000 






(R«s*rv«d) 


152001 


- 153777 1 


1 10110 i 


(R«»»rvtd> 


154000 


- 155777 I 


i 10111 \ 


<Rcs»rv*d) 1 


156000 


- 157777 1 


1 11000 i 


JUMP <DJUMP) 


160000 






JUMP-TO-SUBROUT I NE 


160001 






(R»ftttrv«d) 


160002 


- 161777 I 


t 11001 t 


DMA PIXEL READBACK (Start) 


162000 


Ct-1000 for B-Bit Data 3 1 




(Restart) 


162001 


C-»-200 for Lina-Skip3 1 

CflOO for Stap Y Do«im3 1 

C-i-0 for 2-bit Mask* 1 

•*'2 for 4-bit Mask* 1 

♦4 for 6-bit Mask* or I 






. 


•t-6 for 8-bit Mask 3 1 


1 11010 i 


Display NO-OP (DNOP) 


t 164000 


-•• Down-Co« fc COOO-7773 1 




Display POP (Raturn) 


t 165000 




i 11011 1 


MARKER NO-OP 


166000 


- 167777 1 


: 11100 1 


LOAD STATUS A 


1 170000 


O1400 to Enabla Stop Int. i 


1 11101 t 


LOAD STATUS A It STOP 


1 172000 


-«-1000 to Disabla Stop Int. 3 1 
C't-200 to Switch Mamory Moda3 i 
C-t-MO to Cltar Imaga Mamory* 1 








■MOO to Sat Imaga Mamory 3 i 


1 lino 1 


CLEAR PIXEL DATA INHIBIT 


174000 






SET PIXEL DATA INHIBIT 


1 174200 






LOAD GRAPH/HISTOGRAM INCREMENT 


1 174100 


•t- CIncramant 00-763 1 




LOAD CURSOR COORDINATES 


1 175000 


C+0. 100* 200 or 300 for 1 
Channal 0* 1* 2 or 33 i 




LOAD EXTENDED JOYSTICK CONTROL 


175400 


C-K). lOO* 200 or 300 for i 

Channal 0* 1* 2 or 33 i 

£••-1 to Enabla Blink3 t 

L'i'2 to Turn on 3witch3 ! 




—.—.——————.—.-.—.««—___ 


, —._..... 


—-«————■»-—.— »^—i— ——■——-. 1 


i 11111 1 


LOAD STATUS C (Channtl 0) 


1 176000 


C-K) for PROTECT Moda* \ 




(Channal 1) 


1 176400 


•►20 for WRITE-Only Moda, 




(Channal 2) 


t 177000 


+40 for READ-Only Moda* or 1 




(Channal 3) 


1 177400 


♦60 for READ/WRITE Mod a 3 1 
C+10 to Enabla Suiitch3 1 
C-t-6 to Enabla I's-Only Moda* I 


1 I 






+4 to Disabla I's-Only Moda3l 
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3.5.1 GRAPHIC MODE Instructions 

Th» tight S»t Graphic Mod* instructions mrm: 

CHARACTER 
SHORT VECTOR 
LONG VECTOR 
ABSOLUTE POINT 
GRAPH/HI STOGR AH X 
GRAPH/HISTOGRAM Y 
RELATIVE POINT 
RUN-LENGTH 

The VSVll/VSll Display Processor is always considered to be "in" 
one of these modes* such that any Graphic-Data instruction 
(indicated by a display-file word having bit 15«0) encountered 
during processing is interpreted within the context of the 
current graphic mode. 

A display file typically consists of a Graphic-mode-setting 
instruction followed by a string of graphic-data instructions. 
The string can be of any length (up to the end of the current 
virtual display file segment) and can contain embedded Control 
instructions. 

Figure 3-14 illustrates the word format of the Set Graphic Hode 
instructions. Table 3-13 describes the function of each field. 
The following paragraphs provide a description of each 
instruction* along with its associated Graphic-Data instuction. 



NOTE 

The action of bit 10 of the 
instruction, PIXEL DATA ENABLE, can 
be inhibited by the SET 
PIXEL-DATA-CHANGE INHIBIT control 
instruction. Refer to Paragraph 
3. 5. 2. 13. 



15 



14 



13 



12 



11 



10 



09 



08 



07 



06 



05 



04 



03 



02 01 



00 



1 1 r 

MODE 

J I L 



I > I t T > t 

PIXEL DATA 
(OR CONTROL BITS FOR RUN LENGTH MODE) 
■ ' ' ' I I I 



PIX 

ENA 



Figure 3-14 
Set-Graphic-Mode Instruction Format 
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S*t-Craphic-Mod* 



Tabl* 3-13 
Instruction Fi*ld Assignm*ntft 



t Bit i 

1 i 


Nan* i 

1 


D*scription 1 


I 

\ 19 1 
1 


1 

1 
1 


1 indicat** Control word i 


1 

I 14-11 ] 

{ 1 

J 

I 

I 

1 

1 
1 

1 


1 
MODE 1 

1 

1 

1 
1 

1 


0000 «■ Charactar Mod* i 

0001 - Short V*ctor Mod* i 

0010 » Long V*ctor Mod* ! 

0011 « Absolut* Point Mod* \ 
t 0100 « Oraph/Histogram X Mod* t 
1 0101 - Oraph/Histogram Y Mod* 1 
1 0110 » R*lativ* Point Mod* \ 

1001 = Run-L*ngth Mod* 1 


1 

1 10 


1 

1 PIXEL DATA 


1 1 *nabl*s bits 9-0 into Pix*l Data \ 




t CHANGE ENABLE 


1 ragister \ 




1 (*xc*pt 






1 Run-L*ngth 


1 (must b* for Run-L*ngth mod*) I 




1 mod*) 




\ 9-0 


1 PIXEL DATA 


1 For Monochrom* Byst*m: i 




1 (int*nftity or 


1 Bit 9 s MSB* Bit 6 LSB \ 




1 color) 


Bits 5-0 for futur* *xpansion \ 




1 (*xc*pt 


1 Bits 9-6 ■ 1111 ■ Maximufli Int*n. 1 




1 Run-L*ngth 


1 Bits 9-6 « 0000 m z*ro Int*nsitv { 


1 

1 

1 
i 


1 mod*) 

1 


: For Basic Color Systam: 1 
1 Bits 9f 8 » Or*en 1 
1 Bit 7 - R*d \ 
t Bit 6 » Blu* i 
Bits 5-0 for futur* *xpansion \ 



3. 5. 1. 1 CHARACTER Mod* - 

Th*r* mrw tuio instructions for this graphic mod*. Th* first is a 
control instruction which s*ts th* VSV/VSll into Charactar mod* 
(mod* bits 14-11 " 0000) and is illustratad in Figur* 3-14. 
Pix*l data (bits 9-0) controls the intensity of th* displayed 
pix*l in a black and whit* system* or th* color of th* displayad 
pix*l in a color systam. Sixt**n shadss of gray or 16 colors can 
b* sp*cifi*d in th* 10 bits of pix*l data. Th* pix*l data is 
anablad by setting bit 10 to a one. 

The Character Mode instruction is followed by one or more 
Character Data instructions (Figure 3-15 and Table 3-14). Two 
7-bit character codes can be specified in the character data 
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instruction. The character codts can ba 7~bit ASCII or loma 
other coda as defined by the user. The character codes are used 
to specify the index into a table of dispatch addresses^ which in 
turn specify the starting addresses of display file subroutines 
in memory. The display file subroutine can be a routine to draw 
alpha-numerics or graphics on the system monitor. Since bit 7 is 
an unused bit* this bit must be set to zero. The SET CHARACTER 
BASE control instruction (Paragraph 3.5.2.2) is used in the 
character mode to specify the base (starting) address of the 
character dispatch table. N 

During operation in the Character mode* a byte (character) 
fetched from the display file is shifted left one place (to make 
a word index into the host CPU memory) and the result is added to 
the current contents of the CHARACTER BASE register. This sum 
specifies an address within the dispatch table* from which is 
fetched the starting address of the display subroutine 
responsible for drawing the character. Bit of the CHARACTER 
BASE register specifies the segment in which the dispatch table 
and the display subroutine reside: bit 0*0 specifies the Main 
display file segment* while bit 0»1 specifies the Auxiliary 
segment. (The dispatch table and the display subroutine must 
always reside in the same segment). 

Before execution of the display subroutine begins* the current 
contents of the Display Program Counter (DPO* which contains the 
address of the next Character Data instruction in the Main 
segment* is saved in an internal register (PCSAVE). A DPOP 
instruction (Paragraph 3.5.2.4) at the end of the display 
subroutine restores the DPC from PCSAVE to continue execution in 
character mode. 

The following restrictions apply to Character mode: 

1. A SET CHARACTER MODE instruction cannot occur within a 
display subroutine (including one called via the DJrtS 
instruction). 

2. A DJMS (Display-Jump-to-Subroutine)* BIT-MAP* or DMA 
PIXEL READBACK instruction cannot occur within a display 
subroutine* since for each of these instructions the DPC 
must be saved in the PCSAVE register. 

3. A Graphic Data instruction cannot occur in the display 
subroutine before occurrence of a Set Graphic mode 
instruction that takes the Display Processor out of 
Character mode. 

Occurrence of any of the above restrictions results in a SEQUENCE 
ERROR stop and interrupt. 
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15 



14 



13 



12 11 
1 



10 09 

——I 



08 



07 



T 1 r~ 

2ND CHARACTER CODE 

_J I 1 L- 




06 05 

! 



04 



03 



02 



01 00 

I 



r I I t '• 

1ST CHARACTER CODE 

' ' I I L 



Figur* 3-lS 
Character Data Word Format <Moda 0000) 



Tabla 3-14 
Charactar Data Word Fitld Aisignmentt 



t Bit 


Nam* 


t Daacription I 


\ 15 


_ 


\ indicataa Data word 1 


\ 14-B 


[ 2nd 


i Charactar Coda (could ba 7-bit ASCII). i 




Charactar 


i Thift coda is savad intarnally uihila tha i 




Coda 


1 Iftt charactar coda of tha word ia baing t 
1 procassad. t 


1 7 


Ra»arvad 


1 Muftt ba written to • 


I 6-0 


Iftt 


\ Charactar Coda (could ba 7-bit ASCII). •' 




Charactar 


t Aftar tha data word ia fatchad* thia i 




Coda 


1 fiald is tha first charactar procassad. t 
\ It is shifted laft 1 place and added to i 
t the contents of the CHARACTER BASE \ 
1 register to obtain an entry in the 1 
S character dispatch table; this entry* in 1 
i turn* contains the address of the 1 
1 character drawing routine to be i 
1 executed. { 
1 1 
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3. 5. 1. 2 SHORT VECTOR Mode - 

A Graphic Mode instruction with m mode cod« of 0001 for bits 
14-11 places the Display Processor into the Short Vector mode. 
Pixel data# controlling the intensity or color of the vectors to 
be subsequently displayed is specified in instruction bits 9-0 
<if bit 10=1) (Figure 3-14). 

Figure 3-16 shows the format of the Short Vector Data 
instructions which follow the Short Vector Mode instruction. 
Table 3-15 describes each field. Six bits each of the X and Y 
components of the vector ar9 specified in tlie Short Vector Data 
Word# along with a sign bit for each component. The sign bits 
specify the direction for each component: a in a sign position 
specifies a positive direction^ while a 1 specifies a negative 
direction. Bit 14 of the data word (INTENSIFY) must be set to a 
one to cause the Image Memory to be written (i.e./ to make the 
vector visible on the system monitor or overwrite a vector 
already existing in the Image Memory). The X and Y 
displacement parameters (magnitudes) are based upon a full screen 
resolution of 1024 points. In the VSVll/VSll* with a full-screen 
resolution of 512 points (pixels)* the least significant bit of 
each Delta magnitude is not used and should be written as 0. If 
the LSB is nonzero* a RESERVED OPERATION error stop is taken if 
the EN RCHK bit in the CSR is one. If EN RCHK>0* the LSB is 
ignored and considered to be zero. The significant five bits of 
the delta components of a short vector can therefore specify a 
vector of up to 32 pixels in length (both the starting point and 
the endpoint of a vector are written if INTENSIFY -1). 

A vector is drawn beginning at the current graphic position* as 
held in the internal XPOS and YPOS registers and represented in 
XSR and YSR. Following execution of the vector data instruction* 
the current graphic position is updated to the final endpoint of 
the vector (i.e.* XPOS + Delta-X* YPOS + Delta-Y). If the 
INTENSIFY bit* bit 14* in that data word is zero* only the 
graphic position is updated (actual writing of image memory is 
bypassed ). 
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Figure 3-16 
Short Vector Data Word Format (Mode 0001) 



Table 3-19 
Short-Vector Data Word Field Assignmentft 



1 Bit 


t Name 




Description t 


I 15 


{ - 




indicates Data uord * 


I 14 


1 INT 

\ (Intensify) 


1 causes the vector to be written { 
("intensified")) \ 
\ causes the graphic position to be 1 
updated to the logical endpoint« ( 
but no pixel data is written into { 
image memory. \ 


1 13 


{ ± X 

! (Positive 

1 Negative 


or 1 
X) J 


specifies that the X component } 
moves to the right (-i*)! t 

1 specifies that the X component \ 
moves to the left (-). I 


1 12-7 


1 DELTA-X 




6-bit magnitude of the X ! 
(horizontal) component of the 1 
vector. (Note that the LSB is \ 
reserved). 1 


t 6 


1 ± Y 

• (Positive 

! Negative 


or 
Y) 


specifies that the Y component 1 
1 moves up (-*-) ! 

1 specifies that the Y component 1 
moves down (-) t 


1 5-0 


1 DELTA^Y 


. ..J 


6-bit magnitude of the Y (vertical) i 
component of the vector. t 
(Note that the LSB is reserved). 1 
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3. 5. 1. 3 LONG VECTOR Hode - 

A minimum of three instructions are required for the Long Vector 
mode. The first instruction sets the Long Vector mode (Figure 
3-14) by specifying a mode code of 0010 for bits 14-11. Pixel 
data is specified in bits 9-0. Bits 9-0 control the intensity of 
the displayed vector in a black and uihite system^ or control the 
color of the vector in a color system. Sixteen shades of gray or 
16 colors can be specified. Bit 10 must be set to a one to 
enable pixel data bits 9-0. 

The Long Vector mode instruction is followed by at least tuio Long 
Vector Data instructions (Figure 3-17 and Table 3-16). The first 
Long Vector Data instruction specifies the 10-bit magnitude of 
the DELTA-X component of the vector and the sign of the DELTA-X 
component. Bit 14 of the first word must be set to cause the 
vector to be written into image memory <i.e. « make the vector 
visible on the system monitor). 

After the first data instruction has been processed* the 
VSVll/VSll automatically fetches the second long vector data 
instruction. The second data instruction specifies the 10-bit 
magnitude of the DELTA-V component of the vector and the sign of 
the DELTA-Y component. Unused bits in both data instructions 
(including bit of the DELTA-X €c DELTA-Y magnitudes must be 
written to zeros. 



Operation of the long vector mode is similar to that of short 
vector mode* but> since the long vector mode has 10 bits of 
DELTA-X and 0ELTA-Y> the length of a vector can be greater than 



that of the short vector mode. However* 
instructions must be fetched from the LSI-11 
vector mode* two bus transactions are required, 
multiple long vectors requires multiple pairs of 
second long vector data instructions. 



since two data 

memory in long 

The display of 

the first and 



The nine significant bits of the DELTA-X and DELTA-Y magnitudes 
allow drawing of a vector of up to 512 pixels in length (both the 
starting point and the endpoint of the vector aT9 drawn). 



NOTE 

The Delta-X and Delta-Y magnitudes 
are based on a full-screen 
resolution of 1024 points* to allow 
for system expansion. In the 
VSVll/VSll system of 512-point 
resolution* the least significant 
bits of Delta-X and Delta-Y (bit 
of the data words) are reserved and 
must be written to 0. 
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FIRST WORD 

15 14 13 12 



11 10 09 08 07 06 05 04 03 02 01 00 






INT 


POS 
NEG 


X 


X 


X 


1 1 r- "T" T r— 1 1 \ 

^X 10 BITS 

1 i _ L _L_ . i . 1 1 1 I 



SECOND WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



IVI ^os IVI VIVI 



I I 1 I » I I I 

AY 10 BITS 
J I I I I ' ' ' ' 



Figur* 3-17 
Long Vvctor Data Word Format (Hod* 0010) 
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Table 3-16 
Long Vector Data Word Definitions 



t Bit I 



Name 



Definition 



Ist 
uiord 



Snd 
word 



t 15 



14 



\ 

\ 13 



12-10 



9-0 



- i indicates Data word 

I 

I 
I 

INT I 1 allows vector to be written 

(Intensify) t causes only the Graphic 

I Position to be updated 

\ 

±X ! specifies that the Delta-X 

X Positive I component moves to the right (-i-) 
or Negative ' 

'• 1 specifies that the Delta-X 

t component moves to the left (-) 

{ 

Reserved t Must be uiritten to O 

DELTA-X : 10-bit magnitude of the X 

\ component of the vector. Bit 

\ must be written to O. 

1 



15 

14 
13 



I - 



12-10 
9-0 



Reserved 

±Y 

Y Positive 

or Negative 



Reserved 
DELTA-Y 



\ indicates Data word 



Must be written to 

specifies that the Delta-Y 
component moves up (-«■) 

1 specifies that the Delta-X 
component moves down (-) 

Must be written to 

10-bit magnitude of the Y 
component of the vector. Bit 
must be written to 0. 
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3. 5. 1. 4 ABSOLUTE POINT Mod» - 

Th» Absolut* Point mod* is usvd to position th* ifliag* or subimagt 
at soiii« absolute position on th« system monitor scr*«n. This 
differs from th* short and long vactor modas as thasa vactor 
modas draw linas ralativa to tha position of praviously drawn 
oparations (vactor* points* ate. ). In short and long vactor 
modas a Dalta-X and Dalta-Y ara spacifiad with ragards to tha 
currant display position. In tha point moda* X and Y mr9 
spacifiad as absoluta coordinates. Point moda should always ba 
usad as ona of tha first graphic instructions transfarrad to tha 
VSVll/VSll. This dafinas tha starting point of a systam monitor 
imaga. 

A minimum of thrae instructions mv raquirad for tha Absoluta 
Point moda. Tha first instruction sats tha point moda (Figura 
3-14) by specifying a moda coda of 0011 for bits 14-11. Pixal 
data (intensity level for black and white system* or pixel color 
for color systems) is specified in bits 9-0. Sixteen shades of 
gray or 16 colors can be specified with bits 9-0. Bit 10 must be 
set to a one to enable pixel data bits 9-0. 

The Absolute Point mode instruction is followed by at least two 
Absolute Point data instructions (Figura 3-18 and Table 3-17). 
The first point data instruction specifies an absolute 
X-position» while the second point data instruction specifies an 
absolute Y-position. Bit 14 of the first point d* ta instruction 
must be set to a ona to write the point into Image Memory (make 
the point visible on the system monitor screen or erase a 
previously written point). Unused bits in both instructions must 
be written to zeros. A display file could consist of a series of 
Point Data instructions to position a number of points at various 
locations on the system monitor. This requires first and second 
point data instruction pairs for each beam position. Only one 
Absolute Point mode instruction is required. 
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FIRST WORD 

,5' 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



INT 




X 10 BITS 

.J L. 



SECOND WORD 

15 14 13 



12 



11 



10 




09 08 07 
1 1 



06 05 04 03 02 01 00 

I I I I 



I I 

Y 10 BITS 

-J 1— 



Fiflur* 3-18 
Absolute Point Data Word Format (Mode 0011) 



Table 3-17 
Absolute Point Data Word Definitions 



1 • Bit i Name ! Definition S 
! ! I ! ! 


lilt ! 
• Ill • 

1 Ist • 15 i - i indicates Data word \ 
i word III 1 
i ! t ! : 
! 1 14 t INT \ 1 allows point to be written i 
! i 1 (Intensify) • causes only the Graphic S 
•II 1 Position to be updated ! 
1 i ! 1 i 
! { 13-10 { Reserved ! Must be written to \ 
! i 1 ! { 
1 i 9-0 i AfiSOLUTE-X { 10-bit absolute X coordinate. i 
1 1 1 Coordinate I Bit must be written to 0. ! 


I 2nd 1 15 ! - \ indicates Data word ! 

1 word ! I S 1 

• III 1 
III 1 1 

1 { 14-10 ! Reserved ! Must be written to ! 

\ I \ \ ! 

1 J 9-0 1 ABSOLUTE-Y 1 10-bit absolute Y coordinate. 

i 1 \ Coordinate ' Bit must be written to 0. i 

! ! ! ! ! 
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3. 5. 1. 5 CRAPH/HISTOCRAM X Modt - 

Th» Oraph/Hi»togram X mode i» us«d« tog«th»r with Historgram Bast 
and Graph/Histogram Incramant paramatars <spacifiad by Control 
in»tructionft)* to draw to graph or histogram ralativa to tha 
vartical axis <Y axis) on tha systam monitor. Tha associatad 
Graphic-Data instructions* aach containing an X displacamant 
(from tha Y axis) and a function coda* can be ustd to ganarata 
tha following displays* illustratad in Figura 3-19: 

1. GRAPH X — data is displayad as a sarias of singla 
intensified points on the monitor. 

2. CONNECTED GRAPH X — similar to GRAPH X* but successive 
points are connected by a line (vector). 

3. HISTOGRAM X — each displayed data point is connected to 
the histogram baseline (a line parallel to the Y axis) 
by a line (vector) 

4. FILLED HISTOGRAM X — creates a bar graph by filling in 
the area betuieen successive histogram lines. 

The Graph/Histogram X mode is entered via a mode setting 
instruction uiith a mode code of 0100 for bibs 14-11 (Figure 
3-14). Pixel data for subsequent plotting is spe Ified in bits 
9-0 of the instruction (if bit 10 is 1). All plotting (points 
and connecting filling lines) uses the same pixel data. 

The Graph/Histogram X mode instruction is followed by a number of 
Graph/Histogram data instructions (Figure 3-20 and Table 3-lB). 
Bits 14 and 13 specify the plotting function to be performed. 
Bits 9-0 specify the plotting function to be performed. Bits 9-0 
specify an absolute X coordinare. Bit 12* when set* specifies 
that the current Graph/Histogram Increment value is to be ignored 
and an increment of zero used for this point (the Y position is 
not stepped before plotting). 

During plotting* X-coordinate positioning information is supplied 
explicitly from the data stream* while Y-coordinate positioning 
is supplied implicitly by adding the Increment parameter to the 
current Y position to obtain the final plot position. Note that 
the Increment parameter is handled as a "pre-increment" 
operation. This fact is most obvious in the Connected-Graph and 
Filled Histogram functions. In a Connected Graph* the connection 
line is a vector drawn from the current position to the new plot 
position — the Y used for drawing the vector is the Increment 
value. In a Filled Histogram* the area is filled by "plotting" 
single-line histograms from the current Y position to (and 
including) the final Y position. 
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POINT 



5 - 



4 - 



3 - 



2 - 



1 - 



OX^ 



O X4 



0X1 



INCREMENT 
VALUE 



1 



0X3 



0X2 



POINT 



5 - 



4 - 



3 - 



2 - 



1 - 




A. GRAPH X 



B. GRAPH X CONNECTED 



POINT 



5 - 



4 - 



3 - 



2 - 



1 - 



BASELINE 



2^5 



X4 
O— 



^ 



X3 



-O X9 



BASELINE X 
POSITION 



^ 



C. HISTOGRAM X 



NOTE: 

THE INITIAL Y POSITION IS EQUAL TO THE Y POSITION 
OF XI; THE FIRST POINT PLOTTED IN EACH GRAPH IS 
DISPLAYED AS DRAWN WITH THE "INCREMENT INHIBIT' 
BIT SET IN THE DATA WORD. 



POINT 



5 - 
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3 - 



2 - 



1 - 



BASELINE 



J^S 



X4 ,,,,,, 
Q .i;. ' . ' . ' . ' .rM.M. ' . ' , 



m^^3 



• ' A'itf. ji . i .w. ' . ' . ' . 1,1, X-> 



I BASELINE X 

1 ^,„-'^ POSITION 



D. FILLED HISTOGRAM X 
(BAR GRAPH) 



Figurt 3-19 
Oraph/HifttograiR-X Hod* Displays 
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n 



10 



09 
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Figure 3-20 
Oraph/Histogram-X Data Word Format 



Table 3-18 
Graph/Histogram Data Word Definitions 





Bit 


Name 


t Definition \ 




15 


- 


\ "0" specifies Graphic Data Word ! 




14-13 


FUNCTION 


t This field is encoded as follouis: 1 








1 00— GRAPH (Plot Single Point) \ 
j 01— CONNECTED GRAPH < connect new I 
I point to current point) i 








{ 10— HISTOGRAM (singlw-pixel-uiidth 1 
1 line to baseline) I 








\ 11— FILLED HISTOGRAM (Bargraph) \ 




12 


1 INH INC 


I "0" specifies that the value loaded 1 






1 (Inhibit 


i by the LOAD GRAPH HISTOGRAM i 






Increment) 


\ INCREMENT instruction is to be I 








t added to the current Y position 1 
I before the point is plotted. ! 

I "1" forces an increment value of S 
t to be used (the Y position is not ! 
I stepped before the new point is 1 
1 plotted). 1 




11-10 


Reserved 


1 Must be written to 0. 1 




9-0 


X-COORDINATE 


5 Absolute X-coordinate of the Graph 5 
1 or Histogram position to be 1 
! plotted. CNote: the 10 bits of X '• 
! coordinate is based on a 1 








8 full-screen resolution of 1024 1 
t points to allow for system 1 








J expansion. In the VSVll/VSll system I 








1 of 512-point resolution, X bit is \ 








\ Ts^sT^Bd and should be written to 1 








1 0. 3 I 
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3.5.1.6 ORAPH/HISTOORAM Y Mode - 

Thff Graph/Histogram Y mod* i% u%9d» together with the Histogram 
Base and Graph/Histogram Increment parameters (specified by 
Control instructions)' to draw a graph or histogram relative to 
the horizontal axis (X-axis) on the system monitor. This mode is 
similar to the Graph/Histogram X mode^ except that explicit Y 
data is supplied from the data instructions while the X position 
is stepped by the current Increment value. 

Figure 3-*21 illustrates the displays generated by the Graph* 
Connected Graph* Histogram and Filled Histogram functions. 
Figure 3--22 shows the data word format for the Graph/Histogram Y 
mode. Table 3-19 explains the function of each bit. 



3. 5. 1. 7 RELATIVE POINT Mode - 

The relative point mode is used to generate a point on the system 
monitor "relative" to the current graphic drawing position. The 
X- and/or Y-coordinates of the last display position are updated 
to the new display position. 

A minimum of two instructions arw required for the relative point 
mode. The first instruction sets the mode (Figure 3-14) by 
specifying a mode code of 0110 for bits 14-11. The intensity 
(for black and white systems)* or color (for color systems) is 
specified in bits 9-0. Bit 10 must be set to a one to enable 
changing the current pixel data to that specified in bits 9-0. 

The relative point mode instuction is followed by one or more 
relative point data instructions (Figure 3-23 and Table 3-20). 
Six bits each of the X and Y components (based on i024-pixel 
screen resolution) of the new display position are specified in 
the data word* along with a sign bit for each component. The 
sign bits specify the direction of the components. Bit 14 
(intensify) must be set to a one to cause Image Memory to be 
written (make the point visible on the system monitor or erase a 
previous point). 
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POINT 12 3 4 5 

C. HISTOGRAM Y 

NOTE: 

THE INITIAL X POSITION IS EQUAL TO THE X POSITION 
OF Yl.THE FIRST POINT PLOTTED IN EACH GRAPH IS 
DISPLAYED AS DRAWN WITH THE "INCREMENT INHIBIT' 
BIT SET IN THE DATA WORD. 
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Figure 3-21 
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15- 14 



13 



FUNCTION 



12 



INH 
INC 



11 10 
1 

RESERVED 



09 



08 07 
1 



06 



05 04 
I 



1 1- 

Y COORDINATE 



03 02 

1 



01 00 

1 



Figure 3-22 
Graph/Histogram Y Data Word Format 



Table 3-19 
Craph/Histogram-Y Data Word Definitions 



Bit 



Name 



Definition 



15 



i4— 1 J 



11-10 
9-0 



FUNCTION 



INH INC 
I (Inhibit 
I Increment) 



Reserved 
Y-COORDINATE 



"O" specifies Graphic Data Word. 

This field is encoded as follouis: 

00 — GRAPH (Plot Single Point) 

01 — CONNECTED GRAPH (connect new 

point to current point) 
10 — HISTOGRAM ( sing le-p i xel-uii dth 

line to baseline) 
11 — FILLED HISTOGRAM (Bargraph) 

"0** specifies that the value loaded 
by the LOAD GRAPH HISTOGRAM 
INCREMENT instruction is to be 
added to the current X position 
before the '*oiT*^ ■* " '*^o'^tsd. 

"1" forces an increment value of 
to be used (the X position is not 
stepped before the neui point is 
plotted). 

Must be written to 0. 

Absolute Y-coordinate of the Graph 
I or Histogram position to be 

plotted. CNote: the 10 bits of Y 
coordinate is based on a 
full-screen resolution of 1024 
I points to allow for system 

expansion. In the VSVll/VSll system 
of 512-point resolution* Y bit is 
reserved and should be written to 
I 0. 
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15 



14 



13 



12 



INT 



POS 
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11 10 
1 



09 08 
1 1 
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07 
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05 04 
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00 



Figure 3-23 
Relative-Point Data Word Format <Mode 0110) 



Table 3-20 
Relative-Point Data Word Field A»ftignments 



Bit 



Name 



Description 



15 
14 



13 



12-7 



5-0 



INT 

( Intensify ) 



(Positive or 
Negative X) 



DELTA-X 



± Y 

(Positive or 
Negative Y) 



DELTA-Y 



! indicates Data word. 

I 

I 1 causes the point to be written 

I ("intensified")} 

! causes the graphic position to be 

I updated to the specified points but 

I no pixel data is written into image 

\ memory. 

I 
I 

! O specifies that the X component 

t moves to the right (■^)i 
I 

I 1 specifies that the X component 

{ moves to the left (-). 

I 

• 6-bit magnitude of the X 

• (horizontal) component of the move. 
I (Note that the LSB is reserved). 

I 

J specifies that the Y component 
moves up (■*•); 

1 specifies that the Y component 
moves down (-). 

A-bit magnitude of the Y (vertical) 

component of the move. 

(Note that the LSB is reserved). 
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3. 5. 1. 8 RUN-LENGTH Mode - 

Run-Length mode can be used to repetitively display the same 
pixel data (intensity) horizontally across the screen (parallel 
to X-axis) of the system monitor. 

A minimum of two instructions are required for Run-Length mode. 
The first instruction sets the mode (Run-Length mode) by 
specifying a mode code of 1001 for bits 14-11 (refer to Figure 
3-24 and Table 3-21). Bit 10 is part of the Op-code and must be 
a zero. Bits 8> 6 and 5 mrt used to control operation. Bits 9> 
7 and 4-0 mrw unused and must be uiritten to zeros. 



One or 
Run-Leng 
and Tabl 
7-bit r 
same pix 
position 
until th 
end of 
max imum 
A run-1 
causing 
time of 
position 



more Run-L 
th Mode in 
e 3-22) spec 
un length 
el data inill 
is automa 
e count spec 

the run* th 

run length t 

ength field 

the X positi 

Run-Length 

to be stepp 



ength Data instr 
struction. The da 
Ifies the run leng 
indicates the numb 

be displayed alon 
tically increment 
ified in the run 1 
e VSVll/VSll reque 
hat can be specifi 

of zero is interp 

on to return to it 

mode instuction 

ed up or douin by o 



uctions can folloui the 
ta instruction (Figure 3-25 
th and pixel data. The 
er of consecutive times the 
g the X-axis. The display 
td by one along the X-axis 
ength is reached. At the 
sts another data uord. The 
ed is 177 (8) C127 (10)3. 
reted as a NEWLINE command* 
s original position (at the 
uias fetched) and the Y 
ne or tuio lines. 



The pixel data bits (bits 7-0) mrm used to specify the intensity 
(for black and white systems)* or color (for color systems) of 
the displayed pixel. 

A typical display file could consist of a series of Run-Length 
mode data instructions* each instruction specifying a different 
intensity level or color for the pixel data. The pixel data can 
be changed with each new data word. The D5R is not updated with 
the new pixel data in Run-Length mode. 
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Figure 3-24 
Run-Length Mode Instruction Word Format 
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Tab It 3-21 
Run-Ltngth Mod* Infttruction Word Dirfinitionft 



I Bit i 



Nam* 



I 



DvBcription 



{ 15 



14-10 ! Run-Ltngth 

{ Mod* OpCod* 



9,7, 
4-0 



I B 



: 6 



I Reserved 

I 

I 

I SKIP 

t <Enabl» 

Line-Skip ) 



DBL 

<Doubla- 
Count) 



"1" specifies Instruction word. 

"10010" specifies entry into the 
Run-Length Mode 

These bits are reserved and must be 
written to 0. 

"0" specifies that the Y position is 
to be stepped by one pixel line on the 
screen when a NEWLINE data command is 
encountered. 

"1" specifies that the Y position is 
to be stepped by two pixel lines when 
a NEWLINE data command is encountered. 

"0" specifies that the Run-Length 
count field in the data word specifies 
the number of pixels to he written. 

"1" specifies that twice the number of 
pixels indicated in the Run-Length 
count field are to be written. 



Y DOWN 
<Y Down) 



"0" specifies that the Y position is 
stepped up (bottom to top) when a 
NEWLINE data command is encountered. 



"1" specifies that the Y position is 
stepped down (top to bottom) when a 
NEWLINE is encountered. 
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!!!!!! 
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PIXEL DATA 
1 I 1 ! ! ! ! 



Figure 3-25 
Run-Length Data Word Format 



Table 3-22 
Run-Length Data Word Definitions 



Bit i 



Name 



15 
14-8 



RUN LENGTH 



7-0 



PIXEL DATA 



Description 



"0" specifies a Graphic Data word. 

If nonzero, specifies the number of 
consecutive pixels to be displayed 
horizontally starting from the current 
X-Y coordinate position. (If bit 6 of 
the Run-Length Mode instruction uias 1> 
twice as many pixels are written. 






1 C ■».K_ . _ - 

»••« rtwii-i_viiy bn rxwxa is zero, a 
NEWLINE operation is performed: the 
X-coordinate position is restored to 
the value it was when the Run-Length 
Mode instruction was fetched/ and the 
Y coordinate position is stepped up or 
down by one or two lines* as specified 
by bits 5 and 8 of the Mode 
instruction. When RUN-LENOTH=0, the 
Pixel Data field is ignored. 

Defines the color or intensity of the 
series of pixels to be written. If the 
RUN LENGTH field is 0, PIXEL DATA is 
ignored. 
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3. 5. 2 Control Instruction* 

Th» paragraphs uihich follow dsscrib* vach of tha Control 
instructions. Thasa instructions provida for satup of oparating 
paramatarsj display program control (No-Op* branching/ stopping)* 
and communicating with control and status ragistars on tha Zmaga 
Mamory and Sync (Joystick) channels. 

Tha Control instructions do not changa tha Graphic moda of tha 
VSVll/VSil and may ba ambaddad within tha graphic data straam of 
tha display fila. They may not* howavar* ba inserted between the 
two word of a long-format graphic data packet (absolute point or 
long vector). 



3. 5. 2. 1 JOYSTICK STATUS - 

The JOYSTICK STATUS instruction is shown in Figure 3-26 and 
described in Table 3-23. This instruction is used to select one 
out of a possible four Sync/Joystick channels which a VSVll/VSll 
system may have* to control cursor crosshair intensity (on or 
off)* retrieve cursor X-Y coordinates and status* and enable 
Cursor Match and Joystick Switch interrupts. 

Bits 14-10 contain the op-code (10011) for the JOYSTICK STATUS 
instruction. The Joystick Select bits (bits 8 and 9) ar9 used to 
select one out of four possible channels. In a multi-joystick 
system* the joysticks arm addressed 0* 1* 2* 3. If the Channel 
Protect bit in the CSR register is set* the Joystick Select bits 
are ignored and the joystick channel number is supplied from CSR 
bits 8 and 9. 

Joystick is selected by writing zeros to bits 6 and 9. 
Joystick 1 is selected by writing bit 8 to a one and bit 9 to a 
zero. The remaining two joysticks (2 and 3) arm selected by 
writing bits 8 and 9 to 10 and 11 respectively. It should be 
noted that only one joystick can be selected at one time. The 
selected joystick overrides the non-selected joysticks. In a 
single joystick system* the joystick is addressed as 0. 

Bit 7 is an unused bit and must be written to zero. 

Bits 5 and 4 control the cursor crosshair intensity. Both of 
these bits must be written to a one to intensify (make visible) 
the cursor crosshairs. In order to turn off the cursor 
intensity* bit 5 must be set to 1 while bit 4 is set to 0. 

The Match Interrupt Enable (bit 3) and the Match Interrupt (bit 
2) control the Cursor Match interrupt. This interrupt to the 
Display Processor is produced when the cursor X-Y coordinates av 
the same (match) as an linage Memory pisel position (X— Y 
coordinates) being written when the joystick interrupt switch is 
pressed (or when the "simulated joystick switch" is active* see 
Paragraph 3.5.2.2). The Display Processor must be writing to the 
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Image M?mory pix»l location which matches the X-Y cursor 
coordinates. At the time the match interrupt to the host occurs* 
the X-Y coordinates of the cursor position mrti in the Display 
Processor's DXR and DYR status registers. 



Bits 1 and 
produced 
the "simul 
processing 
written to 
produced' 
cursor* pi 
DXR and 
the DPU uia 
position a 



control the switch inte 

whenever the joystick int 

ated switch" is active) and 

an instruction. Both 

a one to enable the interr 

if the DPU was running 

us various status bits* mrm 

DYR status registers <P»ra 

s idle* the program must 

nd status be retrieved. 



rrupt. This interrupt is 
errupt switch is pressed <or 

the VSVli/VSll has finished 
bits (bits 1 and O) must be 
upt. Mhen the interrupt is 
» the X-Y coordinates of the 

in the Display Processor 
graphs 3.3.3 and 3.3.4). If 
request that the cursor 



When bit 6 is coded to 1* the cursor X-Y coordinates and various 
status bits (Crosshair Intensity Enable* Match and Switch 
Interrupt Enables* and Interlace/Noninterlace Status) »tb 
retrieved from the selected channel and placed in the DXR and DYR 
registers (Paragraphs 3.3.3 and 3.3.4. ) 



15 



14 



13 



12 



11 



10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



00 



1 


! T 7 ■'-r — 

JOYSTICK STATUS 
1 1 1 1 


JOYSTICK 
SELECT 


X 


READ 


CH 
INT 
ENA 


CH 
INT 


MCH 
INT 
ENA 


MCH 
INT 


SW 
INT 
ENA 


SW 
INT 



Figure 3-26 
JOYSTICK STATUS Instruction Format 
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Tabl» 3-23 
JOYSTICK STATUS Instruction Bit Definitions 



I Bit 



Nam* 



Description 



I 15 



14- 


10 


Op-Cod* 


9-8 




JOYSTICK 
SELECT 


7 




Reserved 


6 




READ 
t (Read Cursor) 



CH INT EN 
(Crosshair 
Intensity 
Enable) 

CH INT 
(Crosshair 
Intensity ) 



HCH INT ENA 
(Match 
Interrupt 
Enable) 

MCH INT 
(Match 
Interrupt) 



"1" indicates Control uiord. \ 

I 
I 

"10011" specifies the JOYSTICK STATUS ! 

Control instruction. I 

I 

Addresses one of four possible 

joystick channels to receive the data 

specified in bits 6-0. 

Must be written uiith O. 

When set (D* this bit causes the 
current X-Y cursor coordinates* along 
uiith various status bits* to be 
retrieved from the selected channel 
and displayed in the DXR and DYR 
registers. The information in DXR and 
DYR is lost on succeeding graphic 
drauiing operations. Wh^n this bit is 
clear (0)* no read operation occurs. 

When set (D* enables CROSSHAIR 
INTENSITY (bit 4) to be loaded into 
the intensity register. 



1 = Crosshair Intensity On 

= Crosshair Intensity Off 

CThis bit has meaning only if bit 5* 
CH INT EN, is set (1). 3 

The CH INT status can be read in bit 
12 of the DYR register following 
retrieval of cursor coordinates. 

When set (1), enables MATCH INTERRUPT 
(bit 2) to be loaded into the Match 
Interrupt register to enable or 
disable the Match Interrupt. 

1 = enable Cursor Match Interrupt 
= disableCursor Match Interrupt 

CThis bit has meaning only when bit 3» 
MAT INT EN, is set (1). 3 
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Table 3-23 <con't) 
JOYSTICK STATUS Instruction Bit Definitions 



Bit 



Name 



Description 



MCH INT 
<con't) 



SW INT ENA 
< Switch 
Interrupt 
Enable) 



SW INT 
(Suiitch 
Interrupt) 



When the hatch Interrupt is enabled* 
the Display Procesvior is interrupted 
out of a graphic drauiing operation 
when the current pixel writing 
position matches the cursor position. 
This "matching" position is displayed 
in the DXR and DYR registers* but the 
actual graphic position* stored 
internally* is updated to the logical 
endpoint of the graphic operation. The 
state of MAT INT can be read as bit 12 
of the DXR register following 
retrieval of cursor coordinates 

When set <1)* this bit enables the 
SWITCH INTERRUPT bit* bit 0* to be 
loaded into the joystick channel to 
enable or disable the Switch 
Interrupt. 

1 « enable Switch Interrupt 
« disable Switch Interrupt 



CThis bit 
SW INT EN, 



has meaning 
is set <1). 3 



only if bit 1* 



When the Switch Interrupt is enabled* 
the Joystick Switch Interrupt request 
is posted to the host computer when 
the joystick switch is pressed. If the 
DPU is running when the switch is 
pressed* display file processing stops 
at the end of the current instruction 
and the cursor X~Y coordinates are 
loaded into the DXR and DYR registeis. 
If the DPU is idle when the switch is 
pressed* only the interrupt occurs* 
the program must request the 
coordinates to be retrieved (Paragraph 
3.3.3). The state of SW INT can be 
read as bit 11 of the DXR register 
following retrieval of cursor 
coord inates. 
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3.5.2.2 LOAD EXTENDED JOYSTICK CONTROL - 

The LOAD EXTENDED JOYSTICK CONTROL instruction, shown in Figurt 
3-27 and describvd in TabI* 3-24> controls the hardware blink 
faatura and allows tha display program to simulate the closing of 
the manual Joystick Interrupt Switch. 

Bits 14-8 of the instruction word define the Op-code of the 
instruction and must be coded to 1111011. The basic instruction 
word is therefore 175400 <octal). 

Bits 7-h specify the joystick channel to be loaded <if the 
Channel Protect bit in the CSR is zero). If the Channel Protect 
bit in the CSR is one> instruction bits 7-6 are ignored and the 
channel number is supplied from CSR bits 9-8. 

Bits 5-2 are reserved. They av^ transmitted to the selected 
joystick channel but have no effect. 

Writing a 1 into bit 1 simulates closure of the manual joystick 
switch* writing a O releases the simulated switch. The 
simulated switch can be used with the interrupt enable bits in 
the Joystick Status instruction to cause Switch and Match 
interrupts. 

Bit controls the pixel Blink Enable in the joy bick channel. 
Writing a O into this bit enables the blink feature. When 
blinking is enabled* any pixel displayed from the selected 
channel will blink (flash off and on) if it contains a 1 in 
Video-Bus Data bit 6 <least- significant bit of GREEN in color 
systems). This bit corresponds to bit 8 of the pixel data 
supplied in the Graphic-Mode instruction words. Writing a into 
bit O disables the blink feature. 
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CONTROL REGISTER 
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03 02 

I 



RESERVED 
■ ■ ' 



01 



00 



SOFT 
SW 



BLNK 
EN A 



Figure 3-27 
LOAD EXTENDED JOYSTICK CONTROL Instruction Format 



Table 3-24 
LOAD EXTENDED JOYSTICK CONTROL Instruction Bit Definitions 



Bit 


1 Name 


Description • 


15 


1 - 


1 indicates Control word. ' 


14-8 


I Op-Code 


1 "llllOU" specifies the LOAD EXTENDED 1 
, JOYSTICK CONTROL REGISTER instruction. ! 


7-6 


, JOYSTICK 


Addresses one of four joystick I 




CHANNEL 


channels to receive the data-in bits i 
5-0. 1 


5-2 


Reserved 


Should be written to 0. ' 


1 


SOFT SW 


Uhen set (1)« causes simulated closure ! 




(Simulate 


of the manual joystick switch. When ! 




Switch) 


clear (0)> the simulated switch is ! 
released. (The simulated switch is 1 
inclusively-ORed with the manual 1 
switch input. ' 





BLNK ENA 


When set (1)» enables the blink ! 




(Blink 


feature (pixels with bit 8 set blink i 




Enable) 


on and off). When clear (0)> disables I 
the blink feature. ' 
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3. 5. 2. 3 WRITE CURSOR COORDINATES - 

The WRITE CURSOR COORDINATES control instruction, shown in Figurt 
3-28 and described in Table 3~25i loads the X and Y cursor 
coordinate registers in the selected joystick channel uiith the 
data from the following two words of the display file. Ten 
significant bits of each coordinate arw sent to the channel, 
allowing the program to place the cursor outside of the visible 
screen area if the most-significant bit (bit 10) of either 
coordinate is one. 

This instruction allows the program to set up initial cursor 
coordinates or simulate the action of the manual joystick. 

Bits 7 8< 6 of the instruction word select the joystick channel 
(if the Channel Protect bit in the CSR is zero). 

Bits 5-0 of the instruction word av ignored but are reserved for 
future expansion. 

The coordinate data in the second and third instruction words ^ is 
placed in the same format as that used by the Graphic Mode 
instructions (based on a full-screen resolution of 1024 points). 



FIRST WORD 

15 14 



13 



12 



11 



10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



T 1 1 1 1 r 

WRITE CURSOR COORDINATES 
J I III' 



1 

JOYSTICK 
SELECT 



> r 
RESERVED 
i L 



00 



1 



SECOND WORD 

15 14 13 



12 



11 



10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



THIRD WORD 

15 14 



13 



i:^ 



rui 



n,T 



02 



01 



Figure 3-2S 
WRITE CURSOR COORDINATES Instruction Format 



00 



'III 
RESERVED 

till 


1 1 1 1 1 » 1 ' 1 

X CURSOR COORDINATE 
L. _, J-. ,.-J L L . L I ,1 l._, 


RES 



00 



■-T - r r ■' r 

RESERVED 

\ \ \ 1 


1 1 


1 1 I I > 1 ? 

Y CURSOR COORDINATE 
— 1 1 1 1 L 1 1 . 


RES 
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Table 3-25 
WRITE CURSOR COORDINATES Instruction Bit Definitions 



Bit 



Name 



Description 



1st 
Word 



J 14-8 



! 7-6 



Op -Code 



JOYSTICK 
SELECT 



I 5-0 I Reserved 



1 indicates Control uiord. 

"1111010" specifies the WRITE 
CURSOR COORDINATES instruc- 
tion. 

Addresses one of four joystick 
channels to receive the cursor 
coordinate data in the 
following tiuo words. 

Must be written to 0. 

Must be written to 0. 



specify the X 
coordinate data> 

The data is in 
format for the 
solution. In the 
stem of 512-point 
it of each 

unused and 
tten with 0. If 
her coordinate is 
cursor is placed 
e visible screen 



2nd S( 

3rd 

Words 



15-11 



10-0 



Reserved 



X/Y 


Words 2 and 3 


CURSOR 


and Y cursor 


COORDINATES 


respectively. 




the standard 




1024-point re 




VSVll/VSll sy 




resolution^ b 




coordinate is 




should be wri 




bit 10 of eit 




set <1). the 




outside of th 




area. 
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3. 5. 2. 4 SET HISTOGRAM BASE - 

The SET HISTOGRAM BASE control instruction is us»d to establish a 
baseline position for a histogram or f i 1 led-histogram (bargraph). 
This instruction is usually issued before the Graph/Histogram X 
or Graph/Histogram Y graphic mode instructions. 

As shown in Figure 3-29 and Table 3-26. the SET HISTOGRAM BASE 

instruction is a tiuo-iuord instruction. The first word specifies 

the Op-code in bits 14-10* bits 9-0 arw reserved and should be 
set to 0. 

The second word of the instruction specifies the coordinate 
location of the histogram baseline. The baseline position is 
interpreted within the context of the GRAPH/HISTOGRAM instruction 
subsequently executed: for GRAPH/HI STOCRAM-X mode, the baseline 
is parallel to the Y axis; for GRAPH/HI STOGRAM-Y mode. the 
baseline is parallel to the X axis. CThere is only one Histogram 
Base register. 3 The position information is in the standard 
format for graphic coordinate data (based on a full— screen 
resolution of 1024 points). 

After the histogram baseline coordinate is fetched, it is shifted 
one place to the right and stored in bits 11-0 of the internal 
HBASE register, which can be read via the DSR (Paragraph 3.3.2). 
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FIRST WORD 

15 14 13 



12 



11 



10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



00 



1 


— 1 — T — 1 r - 

SET HISTOGRAM BASE 
1 1 1 1 


1 f 1 1 ^ ' 

RESERVED 
1 1 1 L. , 1 .J 


1 1 1 

I -J 1 



SECOND WORD 

15 14 13 



12 



11 



10 



09 



08 



07 



06 



05 



04 



03 



02 



01 



00 



1 ! r 

RESERVED 



T 1 1 1 1 p— 1 r 

HISTOGRAM BASELINE COORDINATE 
J I ' ■ ' ' ■ L 



Figure 3-29 
SET HISTOGRAM BASE Instruction Format 



Table 3-26 
SET HISTOGRAM BASE Instruction Bit Definitions 





1 Bit 


\ Name 


1 Description • 
1 ! 


} 1st 
• Word 


15 


1 - 


1 1 
1 1 indicates Control word 1 




14-10 


1 Op-Code 


1 "10100" soecifies the SET i 
1 HISTOGRAM BASE instruction 1 
I Op-Code. 1 




9-0 


* Reserved 


I Must to be written to 0. I 

1 _ _ _ ^ _ 1 


i 2nd 

.' Word i 

! ! 


15-10 


Reserved 


Must be written to 0. ! 


1 1 

! 

\ \ 
\ ! 

! I 

i 1 

t 1 
> • 


9-0 

1 
1 

1 


HISTOGRAM 
BASELINE 
COORDINATE 
(Position) ] 


Location of the histogram 1 
baseline. This coordinate is ' 
based upon a full-screen 1 
resolution of 1024 points; in i 
the VSVll/VSll system of 512 ! 
points^ bit is not used and 1 
should be s:?t to 0. ! 
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3. 5. 2. 5 SET CHARACTER BASE - 

Th« SET CHARACTER BASE control instruction is used to establish 
the base address of the table of dispatch addresses used in 
character mode. This instruction must be issued before using the 
Character Mode instruction. Once set« the character base address 
remains unchanged until the VSVll/VSll is initialized or until 
another Set Character Base instruction is issued. 

As shown in Figure 3-30 and Table 3-27, the SET CHARACTER BASE 
instruction is a tuio-uiord instruction. The first word specifies 
the Op-code. Bits 15-1 of the second word specify the virtual 
display file address of the character dispatch table; bit of 
this word selects the display file segment (0 indicates that the 
table is in the Main file segment, while 1 indicates that it is 
in the Auxiliary segment). The dispatch table and associated 
character drawing routines must reside in the same segment. The 
base address is added to the character code in a Character Mode 
data word (Paragraph 3.5.1.1). The resultant (virtual) address 
is a pointer (indirect address) to the starting location of a 
character dispatch routine. For example, assume a character base 
of 2000 (8) and the character E is to be drawn. The following 
occurs: 

1. Character base = 2000 (8) 

2. Character E = 105 (8) ASCII = 001 000 lOi 

3. VSVll/VSil microcode shifts character code one place the 
left - 010 001 010 » 212 (8). (The one place shift is 
done because the VSVll/VSll can only address even 
locations ). 

4. Add character base and shifted character code - 

2000 <3) 
+212 (8) 

2212 (8) = 010 010 001 010 

5. 2212 (8) is the memory location the VSVll/VSll Display 
Processor will go to. The contents of 2212 (8) will 
contain a number that is the address of the character 
drawing routine. The first word of the routine must be 
either a Graphic Mode instruction or Control 
instruction, but not data. The character mode 
instruction will therefore enter a display file that is 
used to describe a "picture". The POP instruction 
(Paragraph 3. 5. 2. 8) must be used at the end of the 
display file to return the Display Processor to the main 
routine. It is illegal to enter the character mode 
while the VSVll/VSll is performing a character draw 
routine. 
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FIRST WORD 

15 14 
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09 



08 



07 
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04 
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01 



00 



1 



—I 1 1 r 

SET CHARACTER BASE 



I 1 

RESERVED 



SECOND WORD 

15 14 13 12 11 



10 



09 



08 



07 06 
1 1 1 1 

CHARACTER BASE ADDRESS 



05 



04 03 



02 01 



00 



SEG 
SEL 



Figure 3-30 
SET CHARACTER BASE Instruction Format 



Table 3-27 
SET CHARACTER BASE Instruction Bit Definitions 





! Bi 


t 


! Name 


i Description ! 


! Ist 


1 15 




1 _ 


• 1 indicates Control ujord i 


1 Word 












1 14- 


10 


1 Op-Code 


! "lOlOl" specifies the SET ! 
1 CHARACTER BASE instruction 1 


1 


9-0 




1 Reserved 


1 Must to be written to 0. 1 


! 2nd 


' 15- 


1 


1 CHARACTER 


1 Virtual address of the first 1 


1 Word 

1 






; BASE 
1 ADDRESS 


' location in a block of uicrds ! 
containing the addresses of ! 
character drawing sufarou- 1 
tines. These addresses refer • 
to locations within the ! 
segment specified in bit 1 
(SEG) of the instruction word. 1 









SEG SEL 
(Segment- 
Select) 


I 
"0" specifies that the 1 
dispatch table and associated ! 
character- drawing routines • 
reside in the Main display 1 
file segment. ! 

"1" specifies that the table 1 
and routines reside in the • 


I 

! 




1 

> 




Auxiliary segment. ' 
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3. 5. 2. 6 DISPLAY JUMP - 

Th» DISPLAY JUMP <DJUMP) control instruction is used to perform a 
"jump" to a virtual address uiithin tha current display fila 
sagmant. This instruction is a tuio-uiord instruction* as shouin in 
Figura 3-31 and labia 3-28. The Op-code (160000 (B)) is 
specified in the first word. The virtual destination address of 
the jump is specified in the second utord. Because the VSVll/VSli 
is a teiord-oriented machine and because jumping is allowed only 
within the current display-file segment* bit of the second word 
must be 0. 

Because jumping is allowed only within the current segment* 
display subroutines (such as for drawing characters) that avw 
assembled to run in one segment and include jumps can be run in 
the other display-file segment without reassembly. 
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FIRST WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



T 1 1 1 P 

JUMP CONTROL WORD 

' ' I ' ' 



SECOND WORD 

15 14 13 



12 



11 



10 09 



08 



07 



06 05 04 03 



02 01 



00 



1 1 1 1 — — 1 1 1 1 1 1 ' ' 

VIRTUAL ADDRESS 
1 1 1 1 1 1 1 1 1 ' 1 1 1 


1 1 1 

I 1 \ 



Figure 3-31 
DISPLAY JUMP Instruction Format 



Table 3-28 
DISPLAY JUMP (DJUMP) Instruction Bit Definitions 



Bit 



Name 



Description 



Ist 
Word 



15 



I 14-0 



1 indicates Control word 



Op-Code 



160000 

DISPLAY 

Op-Code. 



<e) specifies the 
JUMP instruction 



2nd 
Word 



15-1 



VIRTUAL 

JUMP 

ADDRESS 



I Specifies thi 
address of 
instruction. 



destination 
the jump 



The address is a word address 
in host memory uiithin the 
current display file segment; 
this bit must therefore be 0. 
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3.5.2.7 DISPLAY JUMP-TO-SUBROUTINE - 

The DISPLAY JUMP-TO-SUBROUTINE <DJMS) control instruction it us«d 
to call m display subprogram. It functions a similarly to tha 
Charactar lioda subroutine call but providas for a "direct" call 
to the subroutine. The subroutine can reside in either the Main 
or Auxiliary display-file segment and must be terminated uiith a 
DPOP instruction to return the display program to the Main 
segment at the location following the DJMS instruction. Only one 
level of subroutining is allouied. 

As shown in Figure 3-32 and Table 3-29, DJMS is a tuio-uord 
instruction. The first word specifies the Op-code (160001 
octal). Bits 15-1 of the second word specify the virtual display 
file address of the subroutine being called. Bit of the second 
word specifies the segment for the address (0 specifies Main 
segments 1 specifies Auxiliary segment). 

Only one level of subroutining is allowed^ which implies: 

1. Ihe DJMS cannot be executed from a subroutine (either 
one called via the Character mode or by another DJMS). 

2. DJMS cannot be executed from the Auxiliary segment 
(since a subroutine call is required iv. order to begin 
execution in the Auxiliary segment. 

3. The Bit-Map and DMA Pixel Readback instructions cannot 
be executed within a display subroutine (since these 
instructions use the address-save register in the 
VSVll/VSll. 



If an attempt is made to violate any of the above 
display processing stops with a Sequence Error. 



restrictions* 



If processing is stopped within a display subroutine* the 
internal PCSAVE register (accessed via DSR) contains the virtual 
address of the instruction following the DJMS. 
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FIRST WORD 

15 14 13 



12 



11 



10 



09 



08 



07 



06 



05 



04 



03 



02 01 



00 



DISPLAY JUMP TO SUBROUTINE 
_l I i i I 



SECOND WORD 

15 14 13 



12 



11 



10 



09 



08 



07 



06 



05 



T 1 1 1 1 1 P 

SUBROUTINE VIRTUAL ADDRESS 
' ' ' ' ' ■ ■ 



04 



03 



02 01 



00 



SEG 
SEL 



Figure 3=-32 
DISPLAY JUMP-TO-SUBROUTINE Instruction Format 



Table 3-29 
DISPLAY JUMP-TO-SUBROUTINE <DJMS) Instruction Bit Definitions 





1 Bit 


' Name 


1 Description ! 


; 1st 


. 15 


^ 


1 indicates Control word i 


1 Word 










14-0 


Op-Code 


160001 (6) specifies the I 
DISPLAY JUMP-TO-SUBROUTINE 1 
Op-Code. 1 


i 2nd 


15-1 


SUBROUTINE 


Specifies the destination i 


! Word 




VIRTUAL 


address of the DJMS ! 


I 




ADDRESS 


instruction. 1 


1 
1 





SEQ SEL 


Specifies the display file i 






(Segment 


segment of the subroutine: 1 


t 

1 1 

1 




Select) 


"0" = Main Segment } 

"1" = Auxiliary Segment 1 

1 
1 
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3. 5. 2. 8 DISPLAY POP - 

Th» DISPLAY POP <DPOP) control instruction is used to return from 
m display subroutine <on» callffd •ithvr by DJMS or via th« 
Character mode). 

DPOP is a single-word instruction* shown in Figure 3-33 and Table 
3-30. It is coded as 165000 <octal). 

Mhen DPOP is executed^ the Display Program Counter <DPC) is 
loaded with the contents of the PCSAVE register (containing the 
return address) and the Main segment memory management parameters 
ar9 restored* thereby returning the display program to the 
location following the original subroutine call <either a DJMS or 
a Character mode data word). Bit of PCSAVE (accessible via the 
DSR) is then set to 1 to indicate that it is "empty" and can be 
used for another subroutine call. 



15 14 13 12 11 10 



09 



08 07 06 05 04 03 
1 1 I I r— 



02 



DISPLAY POP 



01 00 

I 



Figure 3-33 
DISPLAY POP Instruction Format 



Table 3-30 
DISPLAY POP (DPOP) Instruction Bit Definitions 



Bit i Name ! Description 1 

t t ' 1 
1 • 1 


1 I i 
15 1 - } "1" indicates Control word 1 

i i i 
14-0 ! Op-Code ! Octal 165000 for the word specifies I 

! the DISPLAY POP instruction. I 

i ! i 
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3. 5. 2. 9 DNOP - 

The DISPLAY NOP (DNOP) instruction is used to place 
Processor into a stall. 



the Display 



As shown in Figure 3-34 and Table 3-31* the DNOP control 
instruction is a single word instruction. The DNOP op-code 
<110100) is specified in bits 14-9. A vertical down count is 
specified in bits 8-0. The VSVli/VSll will do NOPs for the 
number of vertical syncs specified in ther vertical down count. 
If the vertical down count equals zeroi a NOP will occur for one 
DPU instruction cycle. After the NOP* the Display Processor will 
continue to the next instruction. 
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Figure 3-34 
DNOP Instruction Word Format 



Table 3-31 
DNOP Instruction Bit Definitions 



! Bit 


' Name 


1 Description ' 


1 15 


1 - 
1 


1 "1" indicates Control word ' 


1 14-9 


1 

1 Op-Code 

1 
t 


1 "110100" specifies the DNOP instruction. 1 
1 The DPU will "stall" for the number of 1 
1 vertical sync's specified by the Vertical ! 
! Down Count bits (bits 8-0). If the count • 
! is 0* no stall occurs; the DPU proceeds on ! 
I to the next instruction. • 


1 8-0 


VERTICAL 


1 Specifies the number of CRT fields 1 




DOWN 


I (vertical blank pulses) to be counted i 


! i 
i 1 

! 

1 1 
1 1 


COUNT 


1 before the DPU continues to the next I 
! display instruction. Vertical sync pulses ! 
1 occur at 16.7 mS (60 Hz) or 20 mS (50 Hz) ! 
' intervals. 1 
• - • 
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3. 5. 2. 10 LOAD STATUS REGISTER A - 

Th» LOAD STATUS A control instruction performs 5»v»ral functions: 

- Stopping th» CPU* 

- Enabling or disabling the STOP interrupt, 

- Switching the Image Memory Read/Write mode> and 

- Clearing or setting enabled image memories. 

As shown in Figure 3-35 and Table 3-32, the LOAD STATUS A 
instruction is a single-word instruction. The op-code for the 
instruction is specified in bits 14-11. Bits 10* 9 and 8 set up 
the DPU stop function. If bit 10 is set, and bits 8 and 9 mrw 
zeros, the DPU will stop and no stop interrupt will be produced. 
The DPU will stop and a stop interrupt will be generated if bits 
10, 9 and 8 are all set to ones. Bits 9 and 8 enable or disable 
the stop interrupt. The actual interrupt enable is stored 
internally and could be in the set state ("1" state) from a 
previous LOAD STATUS A instruction. With bits 10, 9 and 8 
controlling the stop function, it is possible to: 

1. Stop the DPU and not generate an interrtot, 

2. Set the internal Stop Interrupt Enable and not perform a 
stop, and 

3. Do a stop and generate a STOP interrupt to the CPU. 

Bit 7 is the Image Memory "Switch" bit. For each memory channel 
to be switched, this function must be enabled with the Read/Write 
Switch Enable bit (bit 3) of the LOAD STATUS C control 
instruction (Paragraph 3.5.2.11). Since the Image Memory is a 
single port memory, the port is multiplexed for read and write 
operations. If the Image Memory has been selected for Read-Only 
(Paragraph 3.5.2.11, bits 4 and 5), and new pixel data is now 
going to be written to the memory, setting bit 7 to a one will 
cause bits 4 and 5 of the data loaded by the LOAD STATUS C 
instruction to be swapped. This places the Image Memory in the 
Write-Only mode. Before the Image Memory can be read for 
display, another switch must occur after the memory write. In a 
multi-image memory system, the Switch bit can control the 
switching between two memories. Thus, one memory can be read 
while the other is being written. This provides for smooth 
dynamic graphics on the system monitor. 

Bits 5 and 6 aT9 used to set or clear all wri te-enabled image 
memory planes. The memory planer* avB write-enabled with the LOAD 
STATUS C instruction. If the mentory planes are write enabled, 
setting bits 5 and 6 to ones cause all locations of the write 
enabled memory planes to be cleared. Setting bit 6 to a one and 
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bit 5 to a zero causes all write enabled memory planes to be 
written with the contents of the image memory Data Latch. The 
Data Latch may contain pixel data from a previous instruction. 

Bits 4-0 are not used by the Display Processor^ but are available 
to the programmer. These bits can be used to identify various 
stops in the display file for programmer applications. 
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Figure 3-35 
LOAD STATUS A Instruction Format 



Table 3-32 
LOAD STATUS A Instruction Bit Definitions 



! Bi 


t 


1 Name 

1 


1 Description 


1 15 




1 - 




"1" indicates Control word. 


! 14- 


•11 


1 Op-Code 




"1110" specifies the LOAD STATUS A 
' instruction. 


; 10 




STOP 




When set (1)/ halts display file 
execution. After the stop* DPC is 
pointing to the instruction following 
the LOAD STATUS A. 


1 9 




STOP INT 
(Stop 


ENA 


When set, enables bit &, STOP 
INTERRUPT, into the Stop Interrupt 






Interru 


pt J 


Enable register, to enable or disable 


1 1 ■■ ■■ 


; 


Enable) 




the Stop interrupt. 



(cont^d on next page) 
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Tablt 3-32 <con't) 
LOAD STATUS A Instruction Bit Dtfinitions 



; &it 

I 


Name 


Description \ 

1 
1 


1 

1 8 1 


STOP INT 


1 
When bit 9 is 1« this bit operates as S 


1 1 

1 1 

1 i 

• 
1 

1 

1 

1 
1 

I 

1 


(Stop 
Interrupt) 


follouis: I 

1 
"1" causes an interrupt to host CPU 1 
uihen display processing stops; 1 

I 
"0" specifies that no interrupt is to 1 
occur when display processing stops. ! 

CNote: The FSI bit in CSR can force a J 
Stop interrupt irrespective of the 1 

states of bits 9 Sc 8. 3 I 

1 


1 

I 7 


SW R/U 


• 
When set* causes the Read Mode and ! 


1 


<Suiitch 


Write Mode bits in all memory channels 1 


• 


Read/Write 


enabled for a switch (by the LOAD ! 


• 

1 

1 

1 

1 
1 

1 
• 

1 
1 


Modes) 


STATUS C instruction) to be swapped. 1 
An enabled Read-Only memory will ! 
switch to Write-Only mode* and \ 
vice-versa. Memories ii Protect mode 1 
or in Read/Write mode* ^ .* not enabled • 
• for a switch* will not be affected. ! 


1 

! 6 

1 

1 


1 SET/CLR ENA 


' When set causes all image memories in 1 

Write-Only or Read/Write mode to be 1 

> cleared or set* as specified by bit 5. I 


1 5 


SET/CLR 


When bit 6* SET/CLR ENA. is set* this 1 


• 

1 
1 

e 

1 
1 

1 
1 

» 
1 

J 


1 

1 
1 


' bit controls memory action as follows: • 

"1" causes all pixels in write-enabled ! 
i memories to be cleared to zero. ! 

"0" causes all pixels in write-enabled 1 
memories to be set to the data ) 
currently in the memory Data Latch (as 1 
loaded via a Graphic-Mode or Bit-Map ! 


I 
I 


' 


instruction). I 

1 


i 

1 4-0 


Not Used 


These bits are not used by the I 
VSVll/VSll system. They need not be ! 
written to and are available for i 


1 




user applications. i 

1 
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3. 5. 2. 1 1 LOAD STATUS C - 

Image memory Channel Selecti memory Read/Write Selects memory 
Switch Enable> and Pixel Mode select ar9 the functions set-up by 
the LOAD STATUS C control instruction. 

The LOAD STATUS C instruction is a single-uiord instruction* as 
shown in Figure 3-3^ and Table 3-33. Bits 14-10 are the Op-Code 
bits (11111). Channel Select bits 9 and 6 bt9 used to select a 
particular Image Memory channel to receive the data in bits 5-0. 
A typical VSVll/VSll system can have from one to four memory 
channels. The channels are addressed as O* 1* 2> and 3. A 
single channel system has a channel address of 0. Channel is 
selected by writing bits 9 and 8 to zeros. Writing bits 9 and 8 
to zero and onei respectively* selects channel one. The 
remaining two Image Memory channels are selected by setting bit 9 
to a one and bit 8 to a zero (channel 2)> or both bits 9 and 8 to 
ones (channel 3). (The Channel Select bits can be overridden by 
the Channel Protect bit in CSR). 

Bits 7 and 6 are unused and must be written to zeros. 

The memory Read/Urite mode bits (5 and 4) control the read/write 
accessibility of the selected Image Memory. These two bits 
establish Read/Write modes as follows: 

1. 00 = read and write both inhibited (Protect mode)« 

2. 01 = write enabled and read inhibited (Urite-Only mode)* 

3. 10 - read enabled and write inhibited (Read-Only mode)* 

4. 11 » both read and write enabled (Read/Write mode). 



Read/Urite Switch Enable (bit 3) is used in conjunction with bit 
7 (SW R/W) of the LOAD STATUS A instruction. When bit 3 
(Read/Write Switch Enable) is set ("1" state)* bits 5 and 4 of 
the data sent by the LOAD STATUS C instruction will switch* to 
change between Read and Write modes for the Image Memory. 

Bits 2 and 1 control the pixel writing mode. Changing of the 
pixel mode is enabled when bit 2 is set ("1" state). Bit 1 
controls the pixel mode. When bit 1 » 0* new data written to an 
Image Memory pixel location replaces existing data in that 
location. When bit 1-1* new data written to an Image Memory 
location is logically ORed with existing data in that location. 
(This function also works when setting or clearing image 
memories* allowing only bits selected by I's in the Data Latch to 
be affected). 
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FiguT» 3-36 
LOAD STATUS C Instruction Format 



Tabl» 3-33 
LOAD STATUS C Instruction Bit Definitions 



Bit 



Name 



Description 



15 
14-10 



Op -Code 



"1" indicates Control uiord. 

"11111" specifies the LOAD STATUS C 
instruction. 



9-8 

7-6 

5 



CHANNEL 
SELECT 



Reserved 

RD EN 

(Read Enable) 



Addresses one of four Image Memory 
channels to receive th data in bits 
5-0 of the instruction. 

Must be uiritten to 0. 

When set* enables the selected memory 
channel to be read out to the 
associated monitor. When clear* 
disables the memory from sending data 
to the monitor. 



WRT EN i When set* enables the selected memory 
(Write \ channel to be uiritten uiith pixel data 
Enable) i from the DPU. When clear* disables the 
memory from being uiritten. 

Bits 5 S( 4 considered together place 
the memory in the following modes: 

00 « PROTECT mode 

01 = WRITE-ONLY mode 

10 = READ-ONLY mode 

11 = READ/WRITE mode 

Any memory in Write-only or Read/Write 
mode uiill send data to the DPU during 
Pixel Readback operations. 

(cont'^d on next page) 
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Tablt 3-33 (con't) 
LOAD STATUS C Instruction Bit Definition* 



Bit 



Name 



Description 



R/W SW EN 
(Read-Write 
Switch 
Enable) 

I 

I I's ONLY ENA 

I <Write I's 



When set« enables bit 7 of the LOAD 
STATUS A instruction to cause the READ 
and WRITE mode bits in the memory 
channel to be swapped (READ is loaded 
into the WRITE bit* and vice versa). 



When set* 
be loaded 



enables bit 1> 1 's ONLY* to 
into the selected memory 





Only 


channel. 




Enable) 




1 


I's ONLY 


This bit* when loaded into the memory 




(Write I's 


channel when bit 2 is set* controls 




Only) 


the writing of pixel data as follows: 

■ 
"0" » new pixel data written to a 
pixel location will replace existing 
data in that location. 

"1" = new pixel data written to a 
pixel location will be logically ORed 
with the existing data (e.g.* only I's 
are written). 





Reserved 


Must be written to 0. 
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3. 5. 2. 12 LOAD CRAPHPLOT INCREMENT - 

Th» LOAD ORAPHPLOT INCREMENT control in»truction »»t» up th» 
incr«m«nt (spacing) b«tui»*n data points plotttd by th» 
Oraph/Histogram graphic moda instructions. 

As shown in Figura 3-37 and Table 3-34, LOAD ORAPHPLOT INCREMENT 
i» a singlc-uiord instruction. Tha instruction op-coda 
(111100001) is spacifiad in bits 14-6 and tha incramant is 
spacifiad in bits 5-0. 

Tha incramant valua is spacifiad in the 1024-point resolution 
format (bit is not used). Therefore, increments of through 
31 (decimal) pixels may be specified. 
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Figure 3-37 
INCREMENT Instruction Format 



Table 3-34 
LOAD ORAPHPLOT INCREMENT Instruction Bit Definitions 



Bit 


Name 1 


Description ! 

1 
• 


15 


1 


"1" indicates Control word. 

■ 




14-6 


Op-Code 


"111100001" specifies tha LOAD 








ORAPHPLOT INCREMENT instruction. 




5-0 


' GRAPH/ 


t Sets the distance between data points 






I HISTOGRAM 


1 executed in the Graph/Histogram-X and 






1 INCREMENT 


. -Y graphic modes. The increment is 
I specified in the 1024-point resolution 
' format, so bit is reserved and 
1 should be set to 0. 
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3. 5. 2. 13 LOAD PIXEL-DATA INHIBIT - 

The LOAD PIXEL-DATA INHIBIT control instruction is used to 
override the effect the Pixel-Data-Enable bit (bit 10) of the 
Graphic Mode instructions. 

As shown in Figure 3-38 and Table 3-35> LOAD PIXEL-DATA-INHIBIT 
is a single-uiord instruction. Bits 14-8 along with bit 6 specify 
the Op-Code. Bit 7 specifies the state of the inhibit (O to 
clear it* 1 to set it). Bits 5-0 of the instruction avB reserved 
and should be set to 0. 

When the inhibit (an internal flag bit within the Display 
Processor) is set* new pixel data is not loaded into the DSR and 
memory data latch by a Graphic Mode instruction* even if bit 10 
of that instruction is set (1). When the inhibit is clear* the 
Graphic Mode instructions cause new pixel data to be loaded from 
bits 9-2 if bit 10 is set. 

Therefore* the clear and set instructions are (in octal): 

174000 clears the Pixel Data Inhibit 
174200 sets the Pixel Data Inhibit 

The Pixel Data Inhibit is automatically cleared on a display 
START but left intact on a RESUME. 

The Pixel Data Inhibit feature is useful for selectively 
"erasing" complex pictures drawn by display files containing 
several changes of pixel data. Rather than having the software 
scan the display file and change each occurrence of pixel data 
specification (to black or a background color)* the background 
pixel color/intensity needed for erasing can be set once (as* 
with an Absolute Point mode instruction)* the Pixel-Data-Inhibit 
mode can be set* and the original display file executed to erase 
the drawing. 
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Figure 3-38 
LOAD PIXEL DATA INHIBIT Instruction Format 



Table 3-35 
LOAD PIXEL DATA INHIBIT Instruction Bit Definition* 



! Bit { 



Name 



Description 



15 

14-8/ 
t 6 
I 



I 5-0 



Op-Code 



PDI 
<Pixel Data 
Inhibit) 



Reserved 



"1" indicates Control uiord. 

"1111000x0" specifies the LOAD PIXEL 
DATA INHIBIT instruction. 

"0" clears the internal Pixel Data 
Inhibit flag* allowing the Graphic 
Mode instructions to load new pixel 
data. 

"1" sets the internal Pixel Data 
Inhibit flag» inhibiting the Graphic 
Mode instructions <except Run- Length 
mode) from loading new pixel data. 

Must be written to 0. 
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3. 5. 2. 14 MARKER NO-OP - 

Th» MARKER instruction i» m No-op with t»n fr»e 
that can b» u%Bd by ftoftuiar* to "mark" locations 
filt in order to facilitate manipulation of the 
3-39 illustrates the instruction format and Table 



(unused) bits 
in the display 
file. Figure 
3-36 describes 



the bit fields. No operations mre performed by this instruction. 
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Figure 3-39 
MARKER No-Op Instruction Format 



Table 3-36 
MARKER Instruction Field Definitions 



Bit 


Name 


Definition 


15 


- 


1 indicates Control uiord. 


14-10 


OP-CODE 


MARKER No-Op Instruction Op-Code. 


9-0 

_ 


Not Used 


These bits are not used. They avB 
available for user applications. 
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3.5.3 Sptcial Instructions 

BIT-MAP-0. BIT-MAP-1. and DMA PIXEL READBACK comprit* th» stt of 
Special instructions. Th*se instructions transfer pix*l-by-pix«l 
data b«tui«»n host CPU memory and VSVll/VSll Imaga Mamory. Thasa 
instructions ara placad in a spacial class bacausa thay daal with 
data items (packed pixel words and buffer addresses) that cannot 
use bit 15 of a word to distinguish between data and control 
information. They operate in a manner similar to the Control 
instructions in that they do not change the current Graphic Mode 
of the Display Processor. However* because these instructions 
cause the Display Program Counter (DPC) to be saved in the PCSAVE 
register <so that DPC can be used as an address for pixel DMA 
transfers)^ they cannot be executed from a display subroutine. 
Such an attempt would cause a Sequence Error stop to be taken. 

Pixel data is handled in two formats* shown in Figure 3-40. The 
format is selected by bit 9 of the first word of the special 
instuctions. When bit 9 is zero (0)# the four 4-bit pixels per 
word format is selected. Pixels artt packed right-to-left within 
the word (the first pixel handled is in bits 3-0* the second is 
in bits 7-4* the third is in bits 11-8 and the last is in bits 
15-12). When bit 9 of the instruction word is set (1)* two 8-bit 
pixels per word are expected. The first pixel is in the least- 
significant (right) byte (bits 7-0) and the second pixel is in 
the most- significant (left) byte (bits 15-8). 

Each of the Special Instructions contains a buffer address 
pointer* defining the start of the host CPU memory ar^m 
containing the pixel data to be transferred. This buffer can be 
in either the Main or Auxiliary display-file segment* as selected 
by bit of the buffer address parameter word (O selects the Main 
segment* i selects the Auxiliary segment). 

The following paragraphs describe each of the Special 
instructions in detail. 
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BIT-MAP Data Word Formats 
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3. 5. 3. 1 BIT-MAP - 

Th» BIT-MAP-0 instruction mows a »quar« arra\^ of pix«l data from 
host-CPU memory into VSVli/VSll Image Memory* optionally scaling 
(expanding) and "smoothing" the array. The source array is 
retrieved from host memory via a virtual buffer address 
accompanying the BIT-MAP-0 instruction. The array can be located 
in either the main or auxiliary display file segment. Arrays of 
32 X 32. 64 X 64> 128 x 128 and 256 x 236 pixels ar9 handled. 
The pixels can be either 4 bits u)ide# packed four to a 16-bit 
PDP-il memory uiord> or 8 bits u)ide> packed tuio to a uiord. The 
data uiord formats are shouin in Figure 3-40. 

The source array can be moved directly to Image Memory* or can be 
expanded* uiith or uiithout smoothing (linear interpolation betuieen 
pixel intensities)* by a factor of 2* 4* or 8. Pixel data is 
loaded into Image Memory beginning at the current X-Y graphic 
position* first left to right* then up. Therefore* the source 
array must be organized with all data for the bottom line first* 
follouied by all data for the second line* etc. 

When processing is complete* the X-Y graphic position is located 
just beyond the top right-hand corner of the resulting display. 
The graphic mode is not changed by the BIT-MAP-0 instruction* 
since only one buffer address can accompany the instruction. 
Operation continues by retrieving the next instruction in the 
main display file. 

The BIT-MAP-0 instruction cannot be executed from a display 

subroutine (uihich implies that it cannot be executed from the 

auxiliary file segment). An attempt to circumvent this 
restriction results in a SEQUENCE ERROR stop. 

Figure 3-41 illustrates the BIT-MAP-0 instruction and Table 3-37 
describes each bit in detail. 

Figure 3-42 illustrates the results of transferring four pixels 
from the source array into Image Memory* shouiing the effects of 
expansion and smoothing. In the linear smoothing algorithm* 
calculated intensities of pixels are determined by either tuio 
knouin (source) pixels (if the pixel being calculated is on a 
horizontal or vertical line betuieen the tujo knouin pixels) or four 
knouin pixels (if the pixel being calculated is uiithin the square 
defined by the four knouin pixels). 
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FIRST WORD 
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BIT-MAP-0 Instruction Format 
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Tabl« 3-37 
BIT-MAP-0 Instruction Bit Description* 



i 1 Bit 
1 1 


Name 

1 


Description 


I 

I Iftt 


15 


1 


"1" indicates control word. 


{ Word 
1 








1 

1 

1 

1 

1 


14-10 


Op-Code 


"OHIO" indicates BIT-MAP-0 
Instruction op-code. 


i 
1 


9 


SRC 


Indicates houi many bits of 


1 




PIXEL 


instensity/color defines a pixel 


1 
• 




SIZE 


(picture element) from the source 


1 




(Source 


array: 


i 
1 




Pixel 


•»0" = 4-bit pixels (4/u»ord) 


1 
1 
1 




Size) 


"1" « 8-bit pixels <2/uiord) 


1 

1 

i 


8 


. MEM 


Indicates the pixel color/ 


1 
1 




PIXEL 


intensity resolution of the Image 


i 
1 




SIZE 


Memory (used during smoothing to 


1 




1 <Memory 


round calculated pixel intensities 


1 

• 




• Pi xel 


to the proper precision). 


1 
1 

1 

1 

1 

1 
1 

1 

1 




I Size) 


"0" - 4-bit pixel 
I "1" - 8-bit pixels 

ENote: Smoothing calculations aT9 
carried out to il-bit precision; 
. rounding occurs only just before a 
pixel is written and not during 
intermediate steps of the 
calculation!. 




7 


SKIP 


Setting this bit causes pixels to 






(Skip 


be written only into alternate 






Pixels) 


Image Memory locations^ 
effectively doubling the size of 






CM7064 


the image. No pixels are 






Rev. C or 


discarded. Rather, the X and Y 


1 
1 

1 

1 




above. 3 


coordinates are stepped by 2 
pixels instead of 1 when data is 
written. 

For units with Version 1 microcode 
(M7064 circuit Rev. B or below)* 
this bit should be set to 0. 



(cont'd on next page) 
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Tabl» 3-37 (cont'd) 
BIT-MAP-0 Instruction Bit Descriptions 



Bit i 



Nam* 



Description 



i i 
t 1st I 
I Word ! 



X2 I 

(Doublff \ 

Expansion) ! 

{ 

! 



4-3 



\ 



SM 

(Smoothing 
Enable) 



EXPAND 
(Expan- 
sion) 
(Scalina) 



Setting this bit provides an 
additional level of expansion 
(x2). Normally used with 
Non-interlaced displays to enable 
display of all pixels. This bit 
could roughly be called a "screen 
resolution" bit# uihere 

"0" - full screen of 512 
by 512 pixels 

"1" - full screen of 512 
by 256 pixels 



Setting this bi 
to be smoothe 
expanded; C 
interpolation is 
DPU to calculate 
pixels uiritten 
array) 3. When 
intermediate pixe 
array are just 
knouin pixels. Smo 
out over the full 
together uiith bit 



t causes an array 

d while it is 

i. e. « 1 inear 

performed by the 

the intensity of 

(from the source 

this bit is Oj 

Is of an expanded 

duplicates of the 

othing is carried 

expansion (bit h 

s 4 and 3). 



Used together with bit 6 to define 
the factor by which the source 
array is to be expanded. Expansion 
options are as follows: 

(6) ill 121 Expansion 





1 


1 
1 



xKno expansion) 

x2 

x4 

x2 

x4 

x8 

Reserved (causes 

Rsv'd OP error if 

EN RCHK*1; if 

EN RCHK-0. operates 

same as xl. 



(cont'd on next page) 
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T«bl» 3-37 (cont'd) 
BIT-MAP-0 Instruction Bit Dvtcriptions 





1 Bit 

1 




Nam* { 


Description \ 


1st 
Word 


1 2 




- 1 


Rvsvrvtd. If sat* causas RSVDOP t 
9TT0T stop if EN RCHK-1. Ignorad 1 
if EM RCHKsO. \ 




t 1-0 




FMT { 
(Format) ! 


Tuio-bit coda spacifying tha format • 
of sourca data 9rra\j to ba actad 1 
upon by tha DPU: 1 

00 - 32 X 32 pixal aTra\i 1 

01 " 64 X 64 pixal array 1 

10 - 12B X 128 pixal mrrm^ t 

11 - 256 X 296 pixal array 


2nd 
Word 


! 13-01 




Buffer \ 
Addrvss 1 


Spacifias tha virtual addrass of 1 
tha start of tha sourca data 1 




1 

i 


1 


SEG \ 

(Scgffl«nt 1 

S*l»ct){ 


"0" ■ mrra\^ is in Main sagmant 1 

"1" « array is in Auxiliary I 

segmant. i 
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B 


A 


• 
• 
• 


D 


C 



A. SOURCE ARRAY IN 
HOST MEMORY 



c 


C 








c 


C 


D 


D 


A 


A 


B 


B 


A 


A 


B 


B 



• •• 



C. EXPANSION X 2 WITH 
NO SMOOTHING 



7A+C^^7B■^D 
16 V 



c 


D 


A 


B 



• • • 



8. NO EXPANSION 



X 


X 


X 


X 


c 


C+D 
2 


D 


X 


A+C 
2 


A+B+C+D 


B+D 
2 


X 


4 


A 


A+B 


B 


X 


2 



• •• 



"X" INDICATES INTENSITY BASED IN 
PART UPON THE NEXT ELEMENT OF 
SOURCE ARRAY. 

D. EXPANSION X 2 WITH SMOOTHING 



7A+C 
8 


*- 


49A+7C+7B+D 
" 64 


V 


7A+C+49B+7D 

64 ^ 


- 


7B+D 
8 


A 


7A+B 
8 


6A+2B 
8 


5A+3B 
8 


4A-»-4B 
8 


3A+5B 
8 


2A+6B 
8 


A+7B 
8 


B 



E. EXPANSION X 8 WITH SMOOTHING 

NOTE: 

A. B. C, AND D ARE PIXEL INTENSITIES FROM THE SOURCE ARRAY. 



Fiflur# 3-42 
BIT-MAP-0 Piitl lTmT\%^9T Examples 
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3. 5. 3. 2 BIT-MAP-1 - 

Th» BIT-MAP-1 instruction transfer* » string of pixels from host 
memory into sequential horizontal locations in Image Memory (left 
to right). Up to 512 pixels (one horizontal scan line) can be 
transferred with one BIT-MAP-1 instruction. Both of the data 
formats shown in Figure 3-40 mr9 handled. Pixel transfer into 
Image Memory includes and proceeds from the current graphic 
position. 

As shown in Figure 3-43 and Table 3-38f BIT-MAP-i is a two-word 
instruction. The first word specifies BIT-MAP-1 with the Op-Code 
in bits 14-10. Bit 9 specifies the format of the source data. 
Bits 8-0 specify the number of pixels to be transferred) a zero 
in this field specifies that 512 pixels are to be transferred. 
The second word specifies the starting address in host memory of 
the source pixel string: bits 15-1 specify the virtual word 
address and bit selects the display file segment. 

After each pixel is transferred* the X position is stepped by one 
pixel (by 2 in the 1024-point-resolution coordinate scheme). 
Therefore* the final X coordinate (in DXR) is equal to the 
starting X coordinate plus twice the pixel count. Note that the 
Y position is never modified by the BIT-MAP-1 instruction. 



FIRST WORD 

15 14 13 



12 



11 



10 



09 



08 



07 



06 05 



04 



03 



02 01 



00 



1 


1 r -r- r 

BITMAP 1 
till 


SPS 


1 1 1 1 » 1 

PIXEL COUNT 

J 1_ ._ L 1 1 1 


-1 r 

1 1 . . . 



SECOND WORD 
15 14 13 



12 



n 



10 09 



08 



07 



06 05 



04 



03 



02 01 



00 



1 1 1 

1 1 


r- -T' — T 
i, 1 


1 1 1 1 1 p- 

DATA BUFFER ADDRESS 
t 1 1 i 1 1 


1 1 


1 


SEG 



Figure 3-43 
BIT-MAP-1 Instruction Format 
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Table 3-36 
BIT-MAP-1 Instruction Field Definitions 





1 
1. 


Bit 


Name 

1 


1 Description ! 


1st 




15 




1 "1" indicates Control word. \ 


Word 














14-10 


! Op-Code 


1 "Ollil" specifies BIT-MAP 1 \ 
1 instruction. i 






9 


1 SPS 

! (Source 
! Pixel 
I Size) 


t Indicates how many bits of 1 
t intensity/color defines a 1 
! pixel (picture element): I 

1 "0" « 4 bit pixels (4/word) : 










1 "1" « 8 bit pixels (2/word) \ 






B-0 


\ PIXEL COUNT 


\ Specifies the number of \ 










1 pixels which will bei 
1 written into Image Memory. { 
S (A in this field ! 
• specifies a count of 1000 ! 
I octal C512 pixelsl. ! 


2nd 




15-1 


1 Data 


I Specifies the virtual ! 


Word 






I Buffer 
• Address 


t address of the source • 
1 buffer. Contains a 15 bit I 
i number which> when added to ! 
! the shifted "Relocate i 
! Register" of the selected ! 
1 segments gives an 18 bit> i 
1 LSI-11 Bus address \ 
1 specifying the start i 
\ location of pixel data. 1 









! SEG 

i (Segment 

i Select) 


1 SEG-0 specifies that I 
\ BIT-MAP source data is in ! 
t the Main display-file t 
: segment; SEG-^l specifies 1 










1 that data is in the \ 




J- 




» ...... 


\ auxiliary segment. 1 
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3.9.3.3 DMA Pixtl Rtadback - 

Th» DMA Pixvl Rvadback infttruction< illuttratvd in Figur* 3-44 
and daicribad in Tabla 3~39# cau»ts a ractangular araa of Imagt 
Maffiory to ba read into host CPU mamory in Bit-Map data format. 
Raading procaads line by line« aithar bottom-to-top or 
top-to-bottom. Eithar of tha Bit-Map data formats shown in 
Figura 3-40 can ba salacted. 

As shown in Figura 3-44i tha instruction has two forms: a START 
configuration and a RESTART configuration. Tha START 
configuration is a fiva-word instruction usad to initiate tha 
raading of a rectangular array of pixels* starting at the current 
X-Y graphic position. The first word of the instruction 
specifies the DMA Pixel Readback op-code in bits 14-10. Bit 9 
selects the format to be used for storing the pixel data in host 
memory. Bits 7 and 6 specify the action to be taken with respect 
to the Y position when a read of one horizontal line of the 
source rectangle is complete! Y can be stepped either up or down 
by one or two pixels. Bits 2 and 1 select a mask to be applied 
to the pixel data received from Image Memory so that unused data 
bits can be cleared. Bit. O of the first instruction word 
determines whether the instruction is a START <bit 0^0) or 
RESTART (bit 0=1). 

In the START configuration* the second and third instruction 
words specify the width (in number of pixels) and height (number 
of lines) of the rectangular area* respectively. '^ e fourth word 
specifies the maximum number of 16-bit words to aw transferred 
into host memory. The fifth instruction word contains the 
virtual address of the buffer in host memory to receive pixel 
data* bit selects the segment. 

On a START* the instruction word is stored in DSR and the current 
graphic X position and the width and height parameters aT9 saved 
in internal Display Processor registers. Transfer of pixels from 
Image Memory to host memory then proceeds until (1) the number of 
pixels specified by the width and height parameters have been 
transferred* or (2) the word count expires (decrements to O). In 
the first case* display processing stops with the original 
instruction (first word) in the DSR register* with bit O clear 
(O). In the latter case* processing stops with bit O of DSR set 
(1). In both cases* the Display Program Counter (DPC) contains 
the address of the word following the last data word stored. 
CWith Version 2 microcode in the DPU* M7064 module Rev. C or 
above* if bit 5 of the first instruction word is set* the display 
program will continue with the instruction following the DMA 
Pixel Readback instruction if all pixels specified have been read 
before the Word Count expires. 3 

The RESTART instruction is a 3-word instruction used to continue 
the reading of pixels within the same rectangle established by 
the START instruction* using the stored width and height 
parameters. Reading proceeds from the current position. The 
original X position* saved by the START* and the count of the 
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number of pixels remaining in the rectangle< remain intact. 
Because the RESTART instruction depends upon several parameters 
stored internally* no other type of display processing must be 
performed between the time a DMA Readback stops and the time a 
RESTART is issued. Furthermore* the Resume operation (urriting a 
1 into bit of the DPC) cannot be used after a DMA Readback* 
since DPC contains a buffer address and not the address of the 
location following the DMA Readback. 

The RESTART instruction allows a large rectangular area of the 
screen to be handled in blocks of data supported by other 
devices* such as disk or magtape. In such cases* the Word Count 
parameter would be set to the size of disk or magtape block to be 
handled* using as many RESTARTS as required to read all of the 
required pixels. 

The "edge detection" logic in the image memories does not operate 
during pixel readback. Therefore* reading is performed at 
coordinates modulo the visible screen size (wraparound occurs). 
Also* only image memories that mT9 in Write-Only or Read/Write 
mode can be read. 
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FIRST V^'ORD 

15 - 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

1 1 1 «.j_^ 



1 



L 



DMA PIXEL READBACK 
' ' 1 L_ 



FMT 



DMA 
PIX 
RB 



SKIP 



Y 

DWN 



! T 

RESERVED 
I I 



MASK 
I 



STRT 



SECOND WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



1 1 

1 1 


— n 


1 1 




! 

1 


-, , ^ — .. , , 

AREA WIDTH IN PIXELS 
1 1 1 1 1 




1 








r 


THIRD WORD 

15 14 


13 


12 


11 


10 


09 


08 07 


06 


05 


04 


03 


02 


01 


00 


1 
t 1 










(III' 

AREA HEIGHT IN LINES 
1 1 1 1 1 










1 


L - .. 


FOURTH WORD 

15 14 


13 


12 


11 


10 


09 


08 07 


06 


05 


04 


03 


02 


01 


00 


' 1 
1 1 


1 
1 










1 1 1 
WORD COUNT 
1 1 1 


1 
1 






1 




I 1 

1 1 




FIFTH WORD 

15 14 


13 


12 


11 


10 


09 


08 07 


06 


05 


04 


03 


02 


01 


00 


1 1 1 1 1 1 1 I 1 ' ' ' ' 1 

BUFFER ADDRESS 
' ' I 1 1 1 i I J- - -L _ _i 1 1 1 


SEG 



FIRST WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



1 


DMA PIXEL READBACK 
1 1 1 1 


FMT 


DMA 
PIX 
RB 


SKIP 


Y 

DWN 


RESERVED 
1 1 


MASK 
1 


RE 
STRT 



SECOND WORD 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



1 r 



T 1 1 r 



T r 



J 1 L 



J I L 



WORD COUNT 
J 1 I L 



' ' ' 



THIRD WORD 

15 14 13 


12 


11 


10 


09 08 07 


06 


05 


04 


03 


02 


01 


00 


1 1 1 
1 1 J 


1 
1 


1 


1 


III) 

BUFFER ADDRESS 

] J- , I I 


1 
.., J 


i 


._ . 


L- J 


1 1 


[ - 


SEG 



MB 5076 



Figur* 3-44 
DMA Pixel Rvadback Inmtruction Format 
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Table 3-39 
DMA Pixel Readback Instruction Bit Definitions 



, - 


! Bit 


Name \ 
I 


Description ! 


t 1st 
1 Word 


1 15 


\ 

1 
1 

! 


1 indicates Control uiord. 1 




t 14-10i i 

I 8 1 


i 

Op-Code { 


DMA Pixel Readbach instruction i 
Op-Code. i 




1 9 


FMT I 
(Format) I 

} 

1 

i 
i 

1 


"0" specifies data to be stored ! 
four 4-bit pixels per 16- bit I 
word. i 

"1" specifies data to be stored i 
two 8-bit pixels per 16- bit word, t 




J 7 


SKIP i 

1 
1 

1 i 


"0" specifies that the Y position \ 
steps by 2 (1 pixel) upon I 
completion of horizontal line. i 

"1" specifies that the Y position i 
steps by 4 (2 pixels) upon S 
completion of horizontal line ! 
(used for reading Non-Interlaced i 
memory). ! 




1 6 


Y DOWN ! 


"0" specifies that the Y position ! 
is to be stepped up (incremented) ' 
after completion of a horizontal • 
line. S 

"1" specifies that the Y position ! 
is to be stepped down ' 
(decremented) after completion of • 
a horizontal line. ! 




1 5 i 


CONT 5 
(Continue) ' 

CM7064 \ 
Rev. C or! 
above. 2 \ 


If 0* processing always stops if i 
either the Word Count expires or ' 
the entire array has been read. If I 
1» processing will stop only if t 
the entire array is not read \ 
before the Word Count expires. i 


! • 






CFor M7064 modules Rev. B or ! 
below, this bit should always be I 
coded as 0. 3 ! 



(cont'd on next page) 
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TabU 3-39 (cont'd) 
DHA Pixvl Rvadback Inttruction Bit Dtfinitiont 



Bit I 



Nam* 



I 



Daicription 



Iftt 
Word 



4-3 



2-1 



HASK 



RESTART 



R»t»i 
to 0. 



Hutt aluiayft b* uirittan 



Spacififfft a mask to ba ANDvd with 
imag* mamory data btforv it it 
packad into uiordt* allouiing unustd 
mafflory but bits to ba maskad off. 
Tha ma»k is talactad as follows: 





No. 


DBUS 




of Pixal 


Mask 


2;\ 


^iU 


Vi^Vf 





2 


1400 


1 


4 


1700 


1 


6 


1760 


1 1 


e 


1774 



NOTE: Tha masks for 6-and B- bit 
pixals should not ba issuad uihan 
tha FORMAT bit is 0. 



"0'* spacifias a 
START, indicating 
instruction. 



DMA 



Raadback 
5-word 



"1" specifias a DMA Raadback 
RESTART. indicating a 3-word 



instruction. Tha 
instruction word 
currant contants 
ragistar or alsa 
stop is takan. 



antire first 

must match tha 

of tha DSR 

Saquanca Error 



2nd 
Word 



15-0 



WIDTH 



Spacifias tha width* in numbar of 
pixals# of tha imaga memory arwm 
to ba raad. Valuas of 1-512 
product raasonablt results. Valuas 
greater than 512 will causa soma 
pixels to be read more than oncei 
since wraparound of the visible 
»r9a occurs. 



(cont'd on next page) 
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T»bl« 3-39 <cont'd) 
DMA Pixel Readback Instruction Bit Definitions 



• 


1 Bit 


Name 


\ 
1 


Description 1 

1 


1 3rd 


1 15-0 


HEIGHT 




1 
Specifies the height/ in number of i 


i Word 








pixels* of the Image Memory area 1 


\ 


1 






to be read. Values of 1-512 \ 


\ 

\ 

1 
1 

i 
1 

1 _.»... 


1 






produce reasonable results. Values i 
greater than 512 yiill cause some \ 
lines to be read more than once* I 
since wraparound of the visible i 
area occurs. • 


! 4th 


— 
15 


— 




— — — — ^ ^-*— j._.j--.— . — — — . — mm, j 

Reserved. Should always be coded 1 


1 Word 








as 0. 

• 




14-0 


WORD 
COUNT 




This field specifies the number of ! 
16-bit words to be written into ! 
host CPU memory* ie. * the Word 1 
Count specifies the size of the ! 
destination buffer. • 


i 5th 


1 15-1 


, BUFFER 




Specifies the virtual address of ! 


i Word 




ADDRESS 




the area in host CPU memory where 1 

the pixel data words avB to be • 

deposited. I 

1 







SEO 
(Segment 
Select) 




Specifies the display file segment 1 

containing the destination buffer: ! 

• 
1 

»»0" ■■ Buffer is in Main Segment 1 
"1" = Buffer is in Auxiliary { 


{ 








Segment • 

1 
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3. h HOST MEMORY DISPLAY FILE MAKE-UP 

Thv display fil* can ba dafinad as tha suni total of all 
instructions (Control* Graphic and Data) storad in tha CPU mainory 
to display an iiiaga on tha systam monitor. Thasa instructions 
mT9 placad in consacutiva mamory locations and »t9 automatically 
fatchad by tha VSVli/VSll Display Procassor through DMA raquasts. 

Tha display fila maka-up is tha sama for LSI-11 (VSVll systams) 
or PDP-11 <VS11 systams) mamorias. In structuring of a display 
fila* tha usual saquanca of instructions is: 

1. Control Instructions - these instructions include Set 
Character Base* JUMP* DNOP/POP, and the Load Status 
instructions. Generally* the VSVll/VSli system is 
conditioned (set the Display Processor to stop and 
interrupt* set-up the memory Read/Write mode and Switch 
bit* etc. ) uiith these instructions. 

2. Graphic Mode Instructions - these instructions set the 
graphic mode (Character mode* Vector mode* 
Graph/Histogram mode* etc. ) and set the intensity/color 
of the displayed pixel information. 

3. Graphic Data Instructions - these instructions convey 
the data to be displayed in a particular graphic mode. 

An example of a short* simple display file is as Pollows: 

NQtfirJipn Q^ial Machine QMJL Instruction 



WRT CHO 



176030 



APNT 


114000 


0* 


0* 


LVEC4. 


113777 


PIX 




1*511 


41776 








1*0 


40000 


479 


1676 


I* -511 


61776 







1*0 


40000 



Load Status Register C 

(set memory to Write mode* 

enable Switch) 

Point Mode (Absolute) 

Point Mode Data 

Long Vector Mode* 
Set all Intensity bits 

Vector Mode Data 1st Uord 

Vector Mode Data 2nd Word 

Vector Mode Data 1st Word 
Vector Mode Data 2nd Word 

Vector Mode Data 1st Word 

O Vector Mode Data 2nd Word 

Vector Mode Data 1st Word 
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479 21676 Vector Mode Data 2nd Word 

SWITCH 170200 Load Status Register A 

STOP 172000 Load Status Register A 

This program will produce an image of a rectangle on the system 
monitor. The first instruction (176030) selects Image Memory 
channel zero* selects the Write mode for the Image Memory* and 
sets the Switch Enable bit fot the memory. Instruction 114000 
sets the Absolute Point mode. The point mode instruction places 
the system monitor pixel position within the viewable area of the 
CRT* in this example the lower left corner as specified by the 
point mode data word <0*0). Because the point mode data word 
contains a zero in bit 14 (Intensity)* the pixel position will 
not be visible on the system monitor. 

Next* the Long Vector mode (113777) is used to produce the 
vectors required to draw a rectangle. The 113777 instruction 
sets the long vector mode* enables the specified intensity* and 
sets the pixel intensity (maximum in this example). Long Vector 
mode is followed by four pairs (first and second words) of data 
words for the Long Vector mode. These data words specify the X 
and y coordinates of vectors which produce the displayed 
rectangle. The x coordinate (contained in the first data word) 
is always the first to be specified* this is followed by the Y 
coordinate (second data word). The notation indicates that the 
sides of the rectangle are 512 units (0-479) and 480 units 
(0-479) in length. This is the maximum size of a rectangle that 
can be displayed on the VSVll/VSll system monitor at 60 Hz. 
Because the coordinate system used in VSVll/VSll system is 
formatted for a maximum display resolution of 1024 units* the 
vector data words for the 479 X and Y coordinates (41776* 1676* 
61776* 21676) mre written specifying coordinates of 1024. The 
VSVll/VSll Display Processor divides 1024 by two to produce the 
512 (0-511) coordinates. 

The first Load Status A instruction (170200) sets the Switch bit 
which was previously enabled with the Load Status C instruction. 
When the Load Status A instruction is processed* the Image Memory 
automatically switches from the Write mode (Display Processor 
writing to the memory) to the Read mode (Image Memory contents 
read to system monitor). This allows the contents of the Image 
Memory to be displayed on the system monitor. 

The last instruction is a STOP instruction (172000). Stop is 
programmed with a Load Status A instruction by setting bit 10 of 
the instruction. Since only bit 10 has been set* the display 
will stop without generating an interrupt to the CPU. 

The only things not specified in the example program are the 
memory locations where the program is stored. Sequential memory 
locations arc assigned to the program instructions starting with 
the first instruction (176030). Once the program has been 
assigned locations* the address of the first location is 
transferred to the VSVll/VSll DPC to start execution. 
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CHAPTER 4 
M7064 DISPLAY PROCESSOR TECHNICAL DESCRIPTION 



4. 1 INTRODUCTION 

The M7064 is a quad-height module used in the VSVll/VSll system 
as the Display Processor (abbreviated DP). It resides on the 
host CPU'.s LSI-11 Bus (implemented with a DWii UNIBUS to LSI-li 
Bus Converter for UNIBUS systems) and functions as the interface 
between the host CPU. the memory and the other VSVll components 
(Image Memories^ Sync Generator/Cursor Control modules). 

The Display Processor has four addressable registers in the I/O 
address page of the LSI-11 Bus. This allouis the host CPU to have 
direct "device driver" level control over the VSVll/VSll system. 
Usei — level control. for displays. is provided by instructions 
from a display file located in host CPU memory. These display 
file instructions are fetched automatically by the DP via Direct 
Memory Access (DMA) bus requests and actually write the data into 
the Image Memory to "draw" pictures on the screen. A ROM 
controlled. microprogrammed microprocessor within the DP 
interprets the display instructions to produce short vectors, 
long vectors. graphplotSf points and "bit map" images on the 
system monitor. Display instructions also control the Image 
Memories and the Sync <5enerator/Cursor Control modules. The 
display instruction set. as well as I/O register programming, is 
covered in Chapter 3. The following paragraphs discuss the M7064 
hardware structure. its operation and interfacing to the other 
system components, and some of the microprogrammed sequences 
implemented. It is assumed that the reader is familiar with the 
theory of operation of the LSI-11 Bus. 



4.2 GENERAL DESCRIPTION 

Figure 4-1 is a basic block diagram of the Display Processor. 
There are four major sections within the DP: 

1. LSI-11 Bus Interface: Consists of the standard LSI-11 
family of bus interface integrated circuits for handling 
data, interrupt requests, and DMA requests. 



2. Bit'Slic* Microprocdftsor Data Paths: Tha Microprocatsor 
Data Path i% constructad around four 4-bit tlica 2901A 
intagratad circuits. Tha circuits provida 16-bit data 
manipulation for arithmatic* logical functions* and 
storaga (savantaan 16-bit ragistars). Augmanting tha 
basic data path is a Scratchpad RAN that providas 16 
uiords by 16 bits of additional storaga. 

3. Data Bus (DBUS) Intarfaca: Consists of drivars and 
racaivars for tha flat-cabla bus connecting tha DP to 
tha Imaga Mamorias and Sync Ganarators. Using tha DBUS* 
tha DP transmits X and Y coordinates and pixal data to 
tha Imaga Mamorias. Control information is also 
transmitted into the Memory and Sync (joystick and 
cursor) control registers. The DP receives information 
from the Image Memory and Sync modules as pixel data 
from a specified memory location and cursor coordinates 
from the currently active sync module. The DBUS 
Interface contains a control register that allouis the 
microprogram to access a particular Sync or Memory 
register. 

4. Control ROM and Sequencer: All the operations of the .OP 
are under the control of the microprogram stored in the 
Control ROM (Read-Only Memory). The microuio*^ds stored 
in the ROM avB 64 bits wide and contain the field bits 
which control the other elements of thv DP* such as the 
LSI-11 Bus Interface* Microprocessor Dr a Path* and DBUS 
Interface. Associated with the ROM is a Sequencer 
circuit that supplies the address of the next microword 
to be executed. The Sequencer is under control of the 
field? within the microword and can be programmed to 
execute sequential microwords* jumps* subroutine calls* 
and subroutine returns. The output of the ROM does not 
go directly to the other DP elements. The ROM output is 
clocked into a Pipeline Register* which in turn controls 
the other DP elements. This pipelined structure 
maximizes performance by allowing one microword to be 
executed while the next one is being fetched. 

Within the DP* the major elements communicate using two internal 
buses: the Data/Address Lines (DAL Bus)* corresponding to the 
BDAL lines of the LSI-11 Bus* and the SRC Bus which "sources" the 
data used by the 2901A elements. Data being transmitted via the 
LSI-li Bus or DBUS is produced in the 2901A and is gated onto the 
DAL bus to the respective element. The DAL bus can also carry 
the data received from the LSI-11 Bus BDAL lines. This data is 
normally stored in the Scratchpad RAM for subsequent transmission 
(over the SRC bus) to the 2901As. The SRC bus carries data from 
the Scratchpad RAM* the DBUS receivers* and the EMIT field of the 
microword. The EMIT field allows 16-bit data constants to be 
received by the 2901As for use as count values* masks* or 
microprogram addresses. The SRC bus is also used to provide a 
calculated microprogram address for tha 2909 Sequencer. This 
allows great flexibility in the microprogram flow. 
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4. 3 FUNCTIONAL DESCRIPTION 

Tha folloitfing paragraphs contain a ganaral functional dtscription 
of tha major harduiara sactions within tha DP. Each saction is 
axpandad and discussad in tarms of its datailad block diagram and 
tha spacific functions it parforms. It must be kapt in mind that 
all sactions of tha Display Procassor must function togathtr 
undar diraction of tha microprogram in ordar to implamant tha 
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overall DP functionality. Nont of th» ttctions function^ 
individually. Thtrtforti wh^r* nvcttsary th» ttction't 
interaction with tha othars it includad in tha discussion. Tha 
simplifiad fnicroprogram "ovarviaui** flowchart and discussion in 
Paragraph 4. 4 can ba rafarancad whan microprogram control of tha 
various alamants is discussad. 



4.3.1 LSI-U Bus Intarfaca 

Tha LSI~il Bus Interface section provides the interface between 
the LSI-li Bus* the host CPU and its memory, and the entire VSVil 
display system. Under control of the microprogram in the DP 
Control ROM* the interface makes L9I-11 Bus requests for 
interrupts and DMA transfers. It also responds to programmed I/O 
accesses to addresses within its device register range* and 
handles the data transferred between the host CPU and its memory* 
and the internal DP registers. 

Data transfers between the host CPU and the DP are termed 
programmed-I/0 transfers. That is* the host CPU can read and 
write the DP Display Program Counter (DPC* bus address 77xxi0)* 
the Display Status Register (DSR* bus address 77xxx2)* and the X 
and Y Status Registers (DXR and DYR* bus addresses 77xxx4 and 
77xxx6* respectively). However* unlike many LSI~11 Bus devices* 
these registers are not implemented with discrete hardware 
interfaced directly to the LSI-11 Bus. Rather these registers 
are "soft" registers* with actual data storage . ^plemented within 
the general s^tructure of the microprocessor data paths and 
functionality totally defined by the microprogram itself. The 
LSI-il Bus Interface merely provides the path between these 
internal registers and the LSI~11 Bus. 

Figure 4-2 is a detailed block diagram of the LSI-11 Bus 
interface. The Transceivers/Device Address Selector/Vector 
Address Generator (DC005)* the Interrupt Logic <DC003)* the 
Protocol Logic (DC004)* and the DMA Control logic (DCOiO) are all 
standard LSI-1 i-Family interface integrated circuits. These av 
described in the Microcomputer Interfaces Handbook . 

Most of the control signals for the LSI-11 Bus interface mr9 
supplied from the QBUS Control Register. These are loaded from 
the general-purpose EMIT field of the microword. The QBUS 
Control Register contains bits to enable the drivers onto the 
LSI-11 Bus BDAL lines* request interrupts and DMA mastership* and 
provide signals required by LSI-li Bus protocol rules for DMA 
data transactions. Also provided by the microword are three 
Strobe pulses (to handle the STALL flip-flop and initializing of 
the DCOiO) and an enable for gating the received LSI-11 BDAL 
lines onto the internal DAL bus. 
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4. 3. 1. 1 Proflrammtd-I/O Transfers - 

As fn«ntion»d previously* the Display Processor implements four 
"soft" addressable device registers on the LSI-11 Bus. These 
registers (DPC. DSR* DXR* and DYR) av found at the general 
addresses 17xxx0 through 17xxx6 in the LSI-11 Bus I/O page. The 
location of this block can be changed via the Device Address 
Selection switches connected to the DC005 Transceiver/Decoder 
c ircuits. 

Access to the registers is meaningful only when the Display 
Processor is in the Idle state* since it is the microprogram that 
must implement the actual register response. In the Idle state* 
the DP microprogram is not Busy fetching* interpreting and 
executing display file instructions. When the DP is Busy* the 
microprogram enables the bus interface to produce a Reply 
response on the LSI-11 Bus in response to an attempted access* 
but no data is read or written. 

The Idle state is entered initially after the Display Processor 
is powered up. During power-up* or a RESET instruction executed 
in the host CPU* BINIT L is present on the LSI-il Bus and is 
received by the DP <DC003 circuit). 

The BINIT L (initialize) signal forces the microprogram Sequencer 
to set the microprogram Control ROM to address zero. When BINIT 
L negates* the microprogram begins the execution of a startup 
routine at address zero. The startup routine Ic. Js most internal 
registers in the 2901A and Scratchpad RAM to a known state* 
usually zero* performs a self-test on DBUS data and status lines* 
and self-tests some backplane Video Bus status signals. It also 
sets all Image Memories to the Write-Only mode* clears them to 
zero* and clears the Switch* Match* and Crosshair enable bits in 
all Sync module Joystick Status registers. Following the startup 
sequence* the microprogram proceeds to the Idle-Stop sequence and 
prepares for entry into the Idle state by clearing the "STALL" 
flip-flop. After STALL is cleared* causing all responses for 
register accesses to be blocked until handled by the 
microprogram* the microprogram proceeds to the Idle Loop and 
awaits a register access by the host CPU. 

Assuming that the host CPU is going to write (DATO) to the DP 
Display Program Counter (DPC) register* the CPU places the DPC 
address (17xxx0) onto the LSI-11 Bus BDAL lines* asserts BBS? 
(Bank Select 7* specifying the I/O page)* and asserts BDOUT L and 
BSYNC L. The DP receives and decodes the DPC address in the 
DC005 circuits. (Device address decoding is set up by the Device 
Address Selection switches as explained in Chapter 2. ) If the 
incoming address (bits 15 — 03) matches the address set up in the 
Device Address Selection switches* the Device Address Selector 
produces the DEV ADDR signal. DEV ADDR is strobed into the 
Protocol logic by SYNC* which in turn produces REPLY. If the DP 
is Idle* the STALL flip-flop will be clear and REPLY will not be 
returned to the LSI-ll Bus. The strobing in of u£\f ADDR enables 
the Protocol logic to decode bits DAL 00* 01* and 02 of the 
address. In turn* the Protocol logic produces SEL which causes 
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the Control ROM to select the DP Display Program Counter for 
access. Note that in the Idle Loop» the microprogram is 
continually gating the L8I-11 BDAL lines onto the internal DAL 
bus to alloui the Protocol logic to properly decode the address. 

The host CPU now removes the register address from the LSI-11 Bus 
and asserts the data to be written into DPC (which is implemented 
as one of the registers in the 2901A bit-slice array). The 
microprogram enables this data onto the internal DAL bus and then 
loads it into the MBUF register in the Scratchpad RAM (Figure 
4-1). From MBUF* the data is gated onto the internal SRC bus and 
is subsequently loaded into the Q-Register of the 2901A« a 
temporary holding register. 

After the data is takeni the microprogram sets the STALL 
flip-flop to allow the REPLY signal to pass to the LSI-11 Bus as 
BRPLY L. When the CPU receives BRPLY* it removes the data from 
the BDAL lines and negates BDOUT. This causes REPLY and hence 
BRPLY to be negated. When BRPLY negates* the CPU negates BSYNC 
to complete the DATO cycle. 

Because the DPC register was written* the microprogram enters its 
URTDPC routine to begin display file processing. The STALL 
flip-flop is allowed to remain set so that subsequent register 
accesses will elicit a response from the DP. The DP is now 
considered to be in the Busy state and will not allow the 
internal registers to be read or written. Bit 00 of the data in 
the Q-Register is tested. If it is a zero* a Start sequence is 
specified by the CPU* so the microprogram transfers the contents 
of the G-Register to the internal DPC register and establishes a 
new display-file starting address. If bit 00 of the 0-Register 
is a one* a Resume sequence is indicated; the internal DPC 
register remains intact and display-file processing continues at 
that address. 

A DATI (Data-in) cycle occurs when the host CPU reads one of the 
device register locAtions (DPC* DSR; DXR* or DYR). Assuming the 
Display Program Counter (DPC) is to be read* the host CPU places 
the address of the DPC on the BDAL lines* asserts BBS7* and 
asserts BSYNC L. The Device Address Selector (DC005) compares 
the incoming address to the device address selected by the Device 
Address Selection switches. If the addresses match* the Device 
Address Selector produces a high DEV ADDR to enable the Protocol 
logic. SYNC strobes DEV ADDR into the Protocol logic. The 
Protocol logic now decodes DAL bits 00* 01* and 02 to determine 
the register selected. For the DPC* the decode of DAL 00* 01* 
and 02 causes the Protocol logic to enable SEL 0* which the 
microprogram tests to select the DPC. The host CPU now removes 
the DPC address from the BDAL lines and asserts BDIN. BDIN 
enables DATA IN and causes the Protocol logic to produce IN UD. 
(The state of IN UD is tested by the ROM program to determine DP 
operations. ) The DP then places the contents of the DPC on the 
BDAL lines (via the internal DAL bus) and asserts BRPLY by 
setting STALL. When the host CPU accepts the DPC data it negates 
BDIN. This is followed by the DP negating BREPLY (by clearing 
STALL)* thus completing the DATI bus cycle. 
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During tht I/O trantftr tiamplst preivnttd* only th* Display 
Proqrmm Counter was discusttd. Th* proctis of writing or rvading 
th* D8R* DXR or DYR rtgiftt*r» it limilar to that datcribtd for 
tht DPC. Hoyi»v«r» tha Protocol logic anablat diffarant SEL 
outpu'^t for tha D8R« DXR or DYR ragi»tara. SEL 02 rtaulta from 
dacoding tha DSR addraaa <17xxx2}) SEL 04 L is for tha DXR 
ragifttar (17xxx4)i and a nagatad condition of SEL 0« SEL 2 and 
SEL 4 is for tha DYR ragiater <l7xxxA). 

Also* tha DP is a word machina. That is* all transfari to/from 
tha DP ar9 uiord tranifars with avan-numbarad byta addraaaaa. If 
tha DP raceivts a DATA-OUT -BYTE write cycle* a full word will be 
written. 

All addrefts and data transfers pass though the DP's Transceiver 
circuits <DC009>. The Transceivers are enabled to gate LSI-il 
Bus address/data information onto the internal DAL bus (DAL 
<i5:00> H) whan the REC TO DAL H signal from tha microprogram ROH 
is high. When the TXMIT bit in the QBUS Control Register (loaded 
from the microword EMIT field) is set* it enables the internal 
DAL address/data information (produced by the 290iA elements) to 
be gated onto the LSI-il Bus BDAL lines. When the REC TO DAL 
signal is low* the Transceivers cannot pass LSI-11 Bus 
information onto tha internal DAL bus* allowing that bus to be 
used for transferring data from the 290iAs to the Scratchpad RAM 
and/or DBUS interface. When the microprogram is in its Idle 
loop* it continually asserts REC TO DAL to allow LSI-11 Bus 
address information to pass onto the internal L^ . bus* since DAL 
bits 02-00 are used by the Protocol circuit to decode tha 
specific register address. When the microprogram is in tha Busy 
state* it allows the STALL flip-flop to remain set so that tha DP 
can still respond to the device address on the LSI-li Bus (i.e.* 
issue BREPLY). This prevents bus "time-out" errors* but the 
display registers will appear to have all zeros (since DAL will 
not be gated to BDAL). 



4.3.1.2 DMA (Direct Memory Access) Transfers - 

The DP performs NPR (Non-Processor) requests to become master of 
the LSI-il Bus and then fetch display instructions from the host 
CPU memory display file. The DP can also write into host CPU 
memory* such as for storing pixel data from tha Image Memory. 

The microprogram contains a FETCH subroutine to retrieve data 
from the host memory* and a STORE subroutine to deposit data. 
Both routines use the contents of the DPC register as tha 
"virtual" memory address to be accessed. This virtual address is 
converted into a physical memory address by addition of a 
relocation value. The addition occurs in the 2901A circuits. 
Both subroutines call a common routine to perform the address 
relocation and request bus mastership. A common cycle completion 
sequence is also used. 

Assuming that the DP microprogram is to retrieve (read) data from 
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host memory, it calls the FETCH subroutine. In FETCH, the DPC is 
tested to assure that it is within the allowable range. If it is 
not, processing stops and the DP returns to the Idle state with a 
Memory Protection error. Assuming the virtual address in DPC is 
valid, the microprogram requests NPR mastership by setting the 
DMA REQ bit in the QBUS Control Register. This signal is applied 
to the DMA Control circuit <DC010), which in turn asserts BDMR L 
<DMA Request) on the LSI-11 Bus. Meanwhile, the microprogram 
calculates the physical IB-bit address by adding the current 
relocation value to DPC. Bits 15-00 of the physical address are 
stored in the 2901A Q-Register, and bits 17 and 16 of the 
physical address ar9 stored in the MBUF register in the 
Scratchpad RAM (Figure 4-1). The microprogram then waits for bus 
mastership. The host CPU grants bus mastership to the DP by 
negating BSYNC and BREPLY from the previous bus cycle and 
asserting BDMGI L (DMA Grant In). Uhen the DCOlO sees BDMGI 
asserted and BSYNC and BRPLY negated, it asserts BSACK (Selection 
Acknowledge) and MASTER and negates BDMR. The microprogram, 
having been waiting for the DCOlO to issue the MASTER signal, can 
now proceed with the DATI transfer. First, the microprogram 
gates the Q-Register onto the internal DAL bus and the MBUF 
scratchpad register onto the SRC bus. Then it sets th« TXMIT and 
XA TO BAD bits in the QBUS Control Register. This caujies the 
IB-bit physical address to be asserted onto the LSI-11 Bus (bits 
15-00 via the DAL bus, and bits 17-16 via the GRC bus). Next, 
after waiting one microinstruction time (160 nS) to allow for 
address deskew, the microprogram sets the TSYNC (Transmit SYNC) 
bit in the QBUS Control Register, causing BSYNC L to be asserted 
on the LSI-11 Bus. The addressed memory uses the BSYNC assertion 
to strobe in the address. After the next instruction time, the 
TXMIT and XA TO BAD bits in QBUS Control are cleared, and the 
TDIN (Transmit DATA-IN) bit is set. This causes BDIN L to be 
asserted on the LSI-11 Bus, commanding the addressed memory to 
read its data and place it on the LSI— 11 Bus BDAL lines. The 
microprogram waits in a loop for BRPLY indicating that the 
desired data is available. When BRPLY is received, the 
microprogram exits the loop, asserts REC TO DAL to gate the BDAL 
data onto the internal DAL bus, and then stores this data in the 
MBUF Scratchpad register. TDIN is then cleared, negating BDIN, 
causing the memory to drop the data and BRPLY. Finally, when the 
microprogram receives negation of BRPLY, it clears the QBUS 
Control Register (negating BSYNC) to end the cycle. Upon return 
from the FETCH subroutine, the DPC is incremented by 2 to point 
to the next location in the display file. The fetched data is 
copied from the MBUF Scratchpad register, over the SRC bus, into 
the 2901A Q-Register. 

The DATO (Data-Out) transaction performed by the STORE subroutine 
proceeds similarly to the DATA, except that in place of asserting 
TDIN, the TDOUT signal is sent, along with the data to be written 
into host memory. 
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4. 3. 1. 3 Interrupt Ovnvration - 

Four program intvrruptt to tht host CPU can ba ganaratad by tha 
DP. Tl)a»a ara datignatad am STOP* CURSOR MATCH* ERRORi and 
xJOYSTICK SWITCH. Tha vactor addraaaaa for thaaa intarrupta mv 
in aaquantial ordar within a block of aight mamory locations. 
Tha addrasa of tha block it aalactad by awitchaa on tha Display 
Procaaaor fflodula« as daacribad in Chaptar 2. For axampla* if tha 
sitfitchaa mv configurad to start tha addrass block at 320 
(octal)» tha following assignments rasult: 

Interrupt fcifJit ESl UsM. ESH 

STOP 320 322 

CURSOR MATCH 324 32^i 

ERROR 330 332 

JOYSTICK SWITCH 334 336 

Interrupts ara requested by the microprogram in response to 
various conditions arising during execution of the display file. 
In addition* the JOYSTICK SWITCH interrupt can be requested while 
the DP is Idle. The microprogram initiates the request by 
setting one of two bits in the QBUS Control Regi tmvt depending 
upon the type of interrupt. 

The interrupt sequence is generated by the DC003 Interrupt 
Control circuit <Figure 4-2). The DC003 contains two sections* A 
and B. The STOP and CURSOR MATCH interrupts ara requested 
through section A via the RQSTA bit in the QBUS Control Register. 
The ERROR and JOYSTICK SWITCH interrupts are requested through 
section B via the RQSTB bit in the QBUS Control Register. During 
an interrupt sequence* the VECTOR H output of the DC003 goes high 
and applies the Vector Selection Switches to the DC005 
Transceivers* causing the basic vector addrass to be transmitted 
onto the BDAL <10: 04> lines of the LSI-11 Bus. In addition* if 
section B of the DC003 is the active section (ERROR or JOYSTICK 
SWITCH interrupt) the VEC RQSTB H signal is active to causa BDAL 
03 to be asserted* effectively adding 10 <octal> to tha basic 
address. Further* the microprogram asserts DAL 02 when tha 
JOYSTICK SWITCH and CURSOR MATCH vectors are to be produced (324 
or 334). 

Each section of the DC003 contains an internal "interrupt enable** 
flip-flop. The enable in section B is always set* the result of 
a logic high being continually clocked ini therefore* any time 
the RQSTB input is asserted by the microprogram an interrupt is 
requested. The enable in section A can be loaded by the 
microprogram) the data input is bit 06 of the DAL bus and the 
loading clock is the CLK STOP ENA H signal (a strobe pulse 
selected by the Strobe field of the microword). The section A 
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interrupt enabls can be controlled by bits 06 and 09 of the Load 
Status Register A display instruction: if bit 09 » 1* bit 06 is 
loaded into the interrupt enable. Thus* the Load Status Register 
A instruction can cause display processing to stop (bit 10 *" 1) 
either with or without a subsequent STOP interrupt. If a 
JOYSTICK MATCH interrupt is to be generated* the microprogram 
sets the enable by asserting DAL 06 and issuing the strobe pulse. 

The STOP interrupt sequence proceeds as follows: 

1. The Load Status Register A display instruction with bits 
06* 09« and 10 all 1/ is fetched* specifying a DP stop 
with interrupt. 

2. The microprogram sets the section A interrupt enable. 

3. The microprogram sets bit 00* REQ A* of the FLAGS 
general register (in the 2901A)* to indicate that a STOP 
interrupt is pending. 

4. The microprogram proceeds to the Idle-Stop routine* 
where the STALL flip-flop is cleared in order to block 
the DEV REPLY signal from passing onto the LSI-11 Bus. 
In the Idle state* the microprogram must be able to 
control the issuing of the BRPLY response. 

5. Once STALL is clear* the microprogram sets the RQSTA bit 
in the QDUS Control Register (since the REQ A bit in 
FLAGS is set)* and then proceeds into the Idle loop to 
await a DEV REPLY (register access or interrupt 
response). 

6. With RQSTA applied* the DC003 asserts BIRQ L (Bus 
Interrupt Request) on the LSI-11 Bus. 

7. BIRQ L is received by the host CPU* and* when conditions 
permit* the host CPU responds with BDIN and BIAKI 
(Interrupt Acknowledge In). Because the DP is 
requesting the interrupt* the DC003 "blocks" BIAKI and 
prevents it from passing to the next device* thereby 
assuring that only one device is performing an interrupt 
at any one time. 

8. After BIAKI is received* the DC003 enables the VECTOR H 
signal and causes the vector address to be asserted onto 
the LSI-11 Bus. VECTOR H is also applied to the DC004 
Protocol circuit* which issues the DEV REPLY signal. 

9. In the Idle loop* the microprogram senses the DEV REPLY 
and VECTOR signals and branches to a routine to handle 
the interrupt. The interrupt handling routine gates bit 
02 of the FLAGS register (in the 2901A array)* which for 
a STOP interrupt is zero* to the DAL bus to supply bit 
02 of the vector address. Then it sets the STALL 
flip-flop to allow DEV REPLY to pass onto the LSI-11 Bus 
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m% BRPLY L. Th» microprogram thtn waits for DEV REPLY 
to ntgata. 

10. Whan tha host CPU racaivaa BRPLY« it raada tha intarrupt 
vactor and nagatai BDIN and BIAKI* which in turn cauaaa 
VECTOR H to ba nagatadt ramoving tha vactor from tha 
LSI-11 Bus. 

11. Nagation of VECTOR H causas DEV REPLY to ba nagatad. 
allowing tha microprogram to claar STALLi RQSTA« tha 
REQ A bit of tha FLAGS ragi»tar# and than raturn to tha 
Idla loop. The host CPU procassas tha intarrupt vactor 
and antars a routine to service the DP STCK* interrupt. 

The CURSOR MATCH interrupt sequence proceeds identically to that 
for STOP« except that bit 02 of tha FLAGS register is set« 
causing bit 02 of the vector to be assarted during the sequencei 
causing an address of 324 to be generated. 

For the ERROR and JOYSTICK SWITCH interrupts* the sequence is 
again similar* with tha exception that bit 01 of tha FLAGS 
register* REQ B* is set in preparation for tha interrupt. REQ B 
causes the Idle-Stop sequence to set RQSTB in the QBU8 Control 
Register* thereby activating section B of the DC003. During 
interrupt service* bit 03 of tha vector adciress is therefore 
assarted* causing a vector of either 330 or 334 to ba produced 
depending on the state of the FLAGS bit 02. 



4. 3. 2 Bit-slice Microprocessor Data Paths 

Tha Microprocessor Data Paths section of the Display Processor 
handles and/or operates upon all data transferred to or from the 
LSI-11 Bus Interface and tha DBUS Interface sections of tha DP* 
under control of the Control ROM and Sequencer logic. 

Figure 4-3 is a block diagram of tha Microprocessor Data Path. 
Tha Data Path is 16 bits wide. Major components mv an array of 
four 2901A 4-bit slice integrated circuits* with carry lookahead 
and shift linkage* and a i6-word by i6-bit Scratchpad RAM. Tha 
2901A array is an arithmetic-logic unit <ALU) with 17 words of 
internal data storage. Tha Scratchpad RAM is comprised of four 
16-word by 4-bit random-access memory <RAM) integrated circuits. 
These augment the storage of the 290iAs* thereby providing a 
total of 33 16-bit words of storage within the DP. 
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CARRY PROPAGATE^ 



LOOK-AHEAD 

CARRY 

GENERATOR 



6 © © 

CARRY IN 1 CARRY IN 2 CARRY IN 3 



Figure 4-3 
16-Bit Slic* Microprocvftsor Block Diagram 



4-13 



4. 3. 2. 1 2901A Bit-Slic» Array - 

Th» hvart of thv 16--bit microproc»s»or data path is tha 2901A 
4-bit CPU intagratad circuit <IC). Tha microprocaasor can 
parform addition* subtraction* and fiva logic functions on two 
aourca oparands. Tha 290iA is niicroprograminabla via thraa groups 
of thraa bits aach for sourca oparand salaction* arithmatic logic 
unit (ALU) function* and dastination control. Thasa control bits 
mr9 suppliad by tha Control ROM via tha Pipalina Ragistar 
(Paragraph 4.3.4). Figura 4-4 is a block diagram of tha 2901A 
microprocassor. 



RAM 15 



RAMO 



^ 
^ 



a 



i £ 



RAM 
FUNCTION 



RAM REGISTERS 

R0-R7 

R10-R17 



Q 
REGISTER 






Q 
FUNCTION 



C^ 



00 



015 



OOUT 



RAM B DATA OUT 



RAM A DATA OUT 



[sou 



RCE BUS IN 




2:1 
MUX 



R OPERAND 



COUT 



F = 



F15 



OVR 



ms 



S OPERAND 



ARITHMETIC LOGIC 
UNIT (ALU) 



CIN 




lO-'B 



INSTRUC- 
TION 
DECODE 



FUNCTION 



K TOO REG., r 

IN>ALUAND J S 

V MUXES \/ 



3:1 
MUX 



F 



F LINES 



OUTPUT 

ENABLE 
(.DC005TO DAL) 



THREE- 
STATE 
DRIVERS 



DAL OUT 



> 



Figure 4-4 
2901A Microprocassor Block Diagram 
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The ALU performs the arithmetic and logic functions. Source 
operands for the ALU can come from the data input lines (SRC IN)i 
the A RAM register (RAH A DATA OUT)« the B RAM register (RAM B 
DATA OUT) I or the Q-REOISTER. The origin of the source operands* 
as well as the ALU function and ALU resultant destination* is 
controlled by the 10 — IB instruction lines. 

There mv 17 registers within the 2901A. The registers include 
the Q-Register and 16 RAM registers. For the DP* the RAM 
registers mrw labeled with their octal codes* RO through R7* and 
RIO through R17. A RAM register is selected for reading from or 
writing to via the four A (AO — A3) or B (BO — B3) lines. The "A" 
lines can only select RAM registers for reading* but the "B" 
lines can select registers for both reading and writing) when a 
write is performed* data is clocked into both the A and B 
registers. 

Each RAM register has an A address (AO — A3 lines) and a B address 
(BO — B3 lines). These addresses are octal addresses and aT9 the 
same as the register labels i. e. * to address R7 an octal 7 is 
placed on the A or B address lines. By placing the same address 
on the A and B address lines* the contents of the addressed RAM 
register will appear on both the RAM A DATA OUT and RAM B DATA 
OUT lines. However* only the RAM B address lines can select RAM 
registers for writing. (The QHRegister can also be written. ) The 
RAM register labels* their assigned Display Processor function* 
and their octal addresses are shown in Table 4-1. RAM registers 
RO* Rl* Rl* and R3 mr9 addressable from the LSI~11 Bus* as DPC* 
DSR* DXR* and DYR* respectively. 

As previously mentioned* the microinstruction placed on the I 
lines (10 — 18) determines the origin of the source operands to 
the ALU* the function which the ALU performs* and where the 
result of that function is stored. The I lines mrm encoded with 
an octal microcoded instruction for the functions shown in Table 

The ALU destination control (16* 17* 18) specifies where the 
output of the ALU (F lines in Figure 4-4) will be stored. The 
destination can either be the 0-Register or a B RAM register. 16 
through 18 also specify the type of function that is performed by 
either the RAM function or the Q-register function. RAM and Q 
functions can shift up or down or just transfer the output of the 
ALU for storage in the Q or RAM registers. When the RAM function 
is an up or a down shift* RAM (INO) or RAM 15 (IN15) are 
employed. RAM and RAM 15 correspond to the least significant 
bit (LSB) and most significant bit (MSB) of the RAM shift 
function respectively. The octal microcode for the 15 through 18 
lines is listed in Table 4-3. In this table* F refers to the F 
line DAL bus driver output from the ALU (Figure 4-4)* B is a 
particular B RAM register as selected by the B lines* and Q is 
the 0-Register. 
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Tabl* 4-1 
2901A RAH Rvgittffr Aftftignmvntm 



t i 




A or B 




1 RAM 1 


Mntmonic ; 


Addrffis 


Function 1 


1 Rtgiittr! 
1 1 


Nam* 


(Octal) 1 




{ 1 

i RO 1 

t 


DPC» 





Display Program Counttr 1 


! Rl 1 

• 

1 1 


DSR» 


1 


Display Status Rtgistcr 1 
<apcoda. Pixal Data. STOP Flag) } 


I R2 i 

1 1 

1 
1 

i 


XSR* 


2 


X Status Ragisttr <DXR on 1 
LSI-U Bus) <X-Coordinata of t 
graphic position* joystick 1 
cursor or joystick match) \ 


1 

1 R3 

1 
1 

1 
1 


YSR» 


3 


Y Status Rag i star <DYR on \ 

1 LSI-11 Bus) <Y-Coordinata of \ 

graphic position* joystick \ 

cursor or joystick match) I 


\ R4 


1 FLAOS»» 


4 


: Panding intarrupt flags and 1 

Graph ic~Moda Op-Cod •. Also usad t 

1 as temporary storag . \ 


{ R5 


PMASK 


S 


1 Mtmory Protection Mask for 1 
currently active segment. \ 


! R6 

1 

1 

1 


1 RELOC 


6 


Memory Relocation bits 15-09 \ 
for currently active segment. i 


1 

1 R7 

1 

I 
» 


RXA 


7 


Memory Relocation bits 17-16 \ 
for currently active segment. \ 
Also contains the Current \ 
Segment flag and other flags. { 


1 RIO 

• 


XPOS 


10 


X Position (X Coordinate of 1 
current graphic position* in I 
512-point resolution format) i 


t Rii 


YPOS 


11 


Y Position <Y Coordinate of ! 
current graphic position* in I 


1 

5 




^.••.^•...___ I 


512-point resolution format) 1 



(continued on next page) 
* Register can be accessed from LSI-11 Bus. 
»♦ Register can be accessed from LSI-11 Bus via DSR location. 
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T«bl» 4-1 (cont'd) 
2901A RAM Regiftttr Assignmvnts 





1 




A 


or 


B 


\ 


! RAM 


1 
1 


Mnemonic i 


Address 1 


Function » 


i Register 


'1 
1 


Name 


<Octi 


il) . 




i R12 


1 
t 

1 

1 


TEMPO 




12 




Temporary Hold No. 0. \ 


! R13 


1 
1 


TEMPI 




13 




Temporary Hold No. 1. • 


I R14 


1 

1 
• 

• 


TEMP2 




14 




Temporary Hold No. 2. ! 


1 R15 


1 
\ 

\ 

1 
t 

\ 
f 


COUNT 




15 




Iteration counter for 1 
pixel-writing loops (vector i 
generation and bit-map). Also ! 

used for temporary storage. 1 

1 I 


t Ri6 


i 

J 

\ 

\ 
1 


AC 


( 


ih 




t Accumulator for vector slope i 
1 control. Also used for \ 
1 temporary storage. \ 
\ t 


\ R17 


i 

1 
1 

} 

1 
1 


TAN 


\ 

1 

1 
> 

1 


17 




1 > 

Tangent of vector angle. Also \ 

t used for temporary storage. t 

1 1 



Table 4-2 
2901A I Line Functions 



I Lines 



X 



I<8:6> 



I<5: 3> 



I<2:0> 



FUNCTION 



I 

{ ALU 

I Destination 

i Control 



\ 

t ALU 

I Function 

t Control 



I 

i ALU 
{ Source 
{ Control 



4-17 



Th* function F/2 dividti th» valu* on th* F lin«i by two <by 
fthifting to th» right) and loads tha rasult into tha RAH« and Q/2 
dividat tha contanta of tha Q ragistar by two. Convartaly* 2F or 
20 doublaa tha valua of F or G. An important daatination 
function is tha "ALU Bypass** oparation* octal coda 2 in Tabla 
4~3# in which tha ALU output can ba storad in tha B RAH ragistar 
whila tha A RAM ragistar is gatad diractly to tha DAL bus. This 
is usad haavily whila writing coordinata and piial data into 
Imaga Mamory. 



Tab la 4-3 
ALU Dastination Control 



Mnam- 1 


1 
Microcoda ! 


RAM 
Function 


1 
Q-REO 
Function t 


Y 
Out 


1 RAM 
1 Shiftar 
Input 


1 
I 

1 

1 


Q i 

Shiftar I 

Input t 


1876 


1 
Octal I 
Coda i 

I 


oni c 1 


Shift Load 


Shift 


Loads 


RAMO 


RAM3i 
1 


00 


03 1 


OREO I 


LLL 


1 

{ 
1 


X 


Nona 


1 Nona 


F>Q \ 


F 


i X 


X 


1 
1 

* 
1 


X 


X I 


NOP 1 


LLH 


1 

1 \ 
1 


X 


Nona 


X 


Nona I 


F 


X 


X 




X 


X \ 


RAMA 1 


LHL 


1 

2 ! 
1 


Nona 


F>B 


X 


Nona i 


A 


X 


X 




X 


X 1 


RAMF 1 


LHH 


1 

3 ! 
1 


Nona 


F>B 


X 


Nona \ 


F 


X 


X 




X 


X : 


RAMQDI 


HLL 


1 

4 \ 
1 


Down 


F/2>B 


Down 


Q/2>Q{ 


F 


FO 


IN3 




00 


IN3! 


RAMD i 


HLH 


1 

5 \ 
1 


Down 


F/2>B 


X 


Nona t 


F 


FO 


IN3 




00 


X 1 


RAMQUi 


HHL 


i 

6 \ 
1 


Up 


2F>B 


Up 


2Q>Q I 


F 


INO 


F3 




INO 


03 1 


RAMU 1 


HHH 


1 
7 1 

} 


Up 


2F>B 


X 


Nona \ 


F 


INO 


F3 


-L 


X 


03 { 



L » Low Logic Laval 

H « High Logic Laval 

X « Don't Cara condition 

B "• RAM Ragistar addrassad by B Linas 

UP is toward MSB 

DOWN is toward LSB 
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It was prtviouftly mtntioned that tha 2901A microprocasaor can 
ptrform thrat arithmatic functions and fiva logic functions. 
Thaaa functions mv salactad by tha microcodad instruction on I 
linas 13 through 15 . Tha aight functions mv shoitfn in Tabla 4-4 
along with thair octal codas for tha I linas. This tabla and 
Tabla 4-5 usa the symbols R and S to dasignata ALU sourca 
operands. 

Tha sourca operand control I linas (I lines 10 through 12) 
determine from inhere the source operands for the ALU will come. 
Source operands can come from an A or B RAH register« the 
Q-Register« or the data input linas (SOURCE BUS IN) to tha 2901A. 
The source operands can also be equal to zero for some codes. 

Table 4-6 is a matrix which summarizes the functions of I2« Il> 
10 (defines columns in Table 4-6) and ISt I4« 13 (defines rows in 
Table 4-6). 

Since the functions of tha I linas mrm defined in Tables 4-3i 
4-4> and 4-5« these tables are used to develop a microcode for 
the 2901A microprocessor. 



Tabla 4-4 
ALU Function Control 



Microcode 



I 



Mnemonic 


15 


14 


13 


t Octal 
1 Code 


ALU Function { 


ADD 


L 


L 


L 





R plus S \ 


SUBR 


L 


L 


H 


1 


S minus R i 


SUBS 


L 


H 


L 


2 


' R minus 8 t 


OR 


L 


H 


H 


3 


' R or S 1 


AND 


H 


L 


L 


4 


R and S \ 


NOTRS 


H 


L 


H 


5 


-R and S 1 


EXOR 


H 


H 


L 


6 


R exclusive-or S J 


EXNOR 


H 


H 


H 1 

1 


7 


R exclusive-nor S I 



L " Low Logic Level 

H " High Logic Level 

R and S " Source Operands (Table 4-5) 
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Tablt 4-5 
ALU Sourc* Opvrand Control 







Microcod* 


1 


ALU 
SouTca Op 

R 


•rainds f 
9 t 


1 Mntmonic 


! 12 


11 


10 


Octal 
Cod* 


{ AG 


'. L 


L 


L 







A 






Q \ 


{ AB 


{ L 


L 


H 


1 




A 






B 


i ZQ 


i L 


H 


L 


2 











Q ! 


{ ZB 


: L 


H 


H 


3 











B \ 


1 ZA 


\ H 


L 


L 


4 











A i 


\ DA 


J H 


L 


H 


5 




D 






A ! 


i DO 


i H 


H 


L 


6 




D 






Q i 


i DZ 

1 

1 


{ H 


H 


H 


1 7 

1 


J- 


D 






I 



L a Low Logic Ltvel 

H s High Logic Lsval 

A * RAM A R»gist»r 

B ' RAM B Register 

Q » Q-R»gi»ttr 

» Opsrand tquali (z»ro) 

D > Data In lines (from SRC Bus) 
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Tabl* 4-6 
Sourc* Opvrand/ALU Matrix 







ALU SouTCt 


I<2. 1«0> Octal Coda 













1 1 


2 


t 3 


t 4 


1 5 \ 


6 




7 I 


iO \ 
IC II 
IT 51 
lA 4! 
IL 31 


ALU 
Funct. 




A. Q 


A«B 


0. Q 


0>B 


0*A 


D«A t 


D«Q 




CD I 


1 I 


Ci«L 1 
ADD 
Ci=H 1 


A+Q 
A-i-Q+1 


A+B 
A+B-H 


Q 
Q+1 


B 
B+1 


A 
A+l 


D-J-A 1 
D-i-A-H \ 


D+Q 
D+Q^l 




D 1 
D-i-1 1 


I 1 1 


Ci«L 1 

SUBR 

Ci«H 


Q-A-1 
Q-A 


B-A-1 
B-A 


Q-1 
Q 


B-1 

B 


A-1 . 

t 

A 


A-D-1 1 
A-D I 


Q-D-1 
Q-D 




-D-1 1 
-D J 


i 2 \ 


Ci«L 
SUBS 
Ci-H 


A-Q-1 
A-Q 


A-B-1 
A-B 


-Q-1 
-Q 


-B-1 
-B 


-A-1 
-A 


D-A-1 1 
D-A 1 


D-Q-1 
D-Q 




D-1 1 
D 1 


1 3 i 


OR 


A OR Q 


A OR B 


Q 


B 


A 


D OR A I 


D OR Q 




D S 


I 4 I 


AND 


A AND Q 


A AND B 











D AND A I 


D AND Q 




! 


1 5 I 


NOTRS 


A AND Q 


A AND B 


Q 


B 


A 


D AND A 1 


D AND Q 




1 


I 6 ! 


EXOR 
EXNOR 


A EXOR Q 


A EXOR B 


Q 
Q 


B 
B 


A 
A 


D EXOR A I 


D EXOR QS 

D EXOR Q! 

1 
1 


D ! 


5 7 1 
I ! 


1 A EXOR Q 

• 


t A EXOR B 


D EXOR AS 


D \ 



Ci - Carry In to LSB of ALU 

L » Low Logic Laval 

H " High Logic Laval 

A « RAM A Ragifttar 

B * RAM B Ragiatar 

« Q-Ragistar 

O « Oparand aquali (zaro) 

D * Data In linaa (from SRC Bus) 

•t- » Plua 

- ■ Minua 

EXOR - Excluaiva-OR 
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4.3.2.2 Carry-Input And Shift Linkag* - 

Thv Carry-Input to tha laast-ftignif leant bit of tha 290iA array 
ift ftuppliad by a 4-input Aultiplaxar. Undar control of tht 2-bit 
Carry Input Salact (CIS) fiald of tha microwordi ona of four 
ftignalft can ba appliad to tha 2901A carry input. Figura 4-9 
illuatratas tha carry-input circuit and providat a list of tha 
carry-input aicrocoda functions auppliad by tha microMord (0« 1« 
and trua or invartad Savad Carry from tha praviout 
nicroinitruction). 



SH <1:0> 

(SHIFT SELECT 

FROMMICROWORD) 




CARRY 
OUT 



ir w 



SI SO 

DUAL 
4 TO 1 

MUX 



n If 



RAM Q 
15 15 

COUT 
F15 



290TA 
ARRAY 



RAMOQC 
CIN 



CARRY 
IN 



CARRY-SAVE 
FLIP-FLOP 



SYSCLK 



CIS<1:0> 

(CARFIY-INPUT SELECT 
FROMMICROWORD) 




CI 

1 


S 



ALU 
CARRY IN 








OiLOW) 





1 


1 (HIGH) 


1 





SAVED CARRY 


1 


1 


-SAVED CARRY 



Figura 4-5 
Carry-Input and Shift Linkaga Logic for 2901A Array 
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Th» Carry~Sav» flip-flop i% loaded uiith tht carry out of th* moit 
significant bit of tha 2901A (bit 15) at tht end of aach cyclt of 
tha microprogram. Tha "trua" or "complamant" of thia flip-flop 
can_ ba appliad to tha carry input via tha Carry-Input 
Multiplaxar. This capability facilitates multipla-pracision 
arithmetic operations. 

For the addition of two i&-bit numbers^ a carry-in of is 
selected. For subtraction^ a carry-in of 1 is used. Increment 
and decrement operations (in which one of the 2901A ALU source 
operands is zero) select a carry-in of 1 and 0« respectively. 
Use of the carry-save inputs allows implementation of 
"conditional increment** and "conditional decrement" operations. 
For a conditional increment* the 2901A instruction is configured 
to add a zero to a selected register* and the true sense of the 
carry-save flip-flop is selected to supply the carry in. Thus* 
if a carry out of the 2901A occurred on the previous 
microinstruction* the selected register will be incremented. For 
a conditional decrement* zero is subtracted from the selected 
register.- and the complement of carry-save is selected for the 
carry-in. Thus* the selected register will be decremented if a 
carry-out occurred on the previous microinstruction. 

Shifting of data between 2901A elements occurs over bidirectional 
lines between the elements under control of the ALU DESTINATION 
field of the microword (I<8:&>). At the ends of the mrrmfit 
3-State multiplexers mrm used to select the data to be entered 
into the least- or most-significant Q-Register and/or RAH 
register bits during shift operations. ALU Instruction bit 7* in 
the ALU DESTINATION field of the microword* selects which 
multiplexer is active. 17 is low (0) on a shift righti it is 
high (1) on a shift left. The two-bit 8H <1:0> field in the 
microword selects the particular multiplexer input* as listed in 
Table 4-7. 
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TabU 4-7 
Shift Multipltxtr Inputt 



8H1 \ SHO i Function I 



Dtftcription 



ZERO 



ONE 



ROTATE 



ARITHMETIC 
SHIFT 



A logic (low) it applied to th« 
various inputs (Q0« fl,19* RAHO* 
RAM19)« causing a to ba antarad 
into tha laast- significant <laft 
shift) or most- significant (right 
shift) ragistar bit. 

A logic 1 (high) is appliad to tha 
ragistar inputsi causing a 1 to ba 
antarad into a vacatad bit. 

Bits laaving ona and of a ragistar 
ara antarad into tha othar and of 
that sama ragistar. 

On a right shift* tha MSB (sign bit) 
of tha ALU output is antarad into 
tha MSB of tha RAM) if Q is also 
shiftad (doubla pracision shift) tha 
LSB of tha RAM is an arad into Q19. 
On a laft shift* 015 s antarad into 
RAM Oi if Q is also shiftad* 
antars (K). 



4. 3. 2. 3 Scratchpad RAM - 

Tha Scratchpad RAM is a random-accass maoiory of sixtaan words of 
16 bits aach* constructad of four 16-ttiord by 4-bit chips. Each 
chip contains four bits of aach word. As shown in Figura 4-3* 
tha RAM racaivas data from tha DAL bus and transmits data on tha 
Sourca (SRC) bus. 

Tha 4-bit Scratchpad Ragistar (SPR) field in tha microwcrd 
salacts ona of tha 16 ragistars in tha RAM to ba raad and/or 
writtan. Tha contents of tha salactad ragistar is gatad onto tha 
SRC bus if tha microword Sourca-Bus Salact field is 0. If tha 
Scratchpad Write bit (SPU) bit is set in the microword* the data 
on tha DAL bus is loaded into the selected register at tha and of 
tha current microcode. 

Table 4-8 lists the name and usage of each register in the 
Scratchpad RAM. Half of the registers are used for snort-term 
storage* such as temporary values or counts used only during the 
course of processing one display-file instruction. The other 
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half ar» uttd for long-tvrm storag»» such •• memory -iiianageA*nt 
parAm»t»ri« Control-Statut R*gist»r* Hiitografli and Character bata 
valua»« ate. that ramain static ovar tha couraa of many display 
instructions. 



Tab la 4-8 
Scratchpad RAM Ragistar Assignmants 



RAM 



Nana 



Function/Use 



MBUF 



1 

2 
3 
4 
5 

6 
7 



9TEMP0 
STEMPl 
8TEMP2 
8TEMP3 
STEMP4 

X8AVE 
YSAVE 



10 



MAINMM* 



11 



AUXMM* 



12 



C8R» 



"Mamory Buf f ar. " 
addrass bits < 16 
signal to L8I-11 
from tha LSI-11 



Transmits axtanded 

and 17) and WTBT 

Bust racaivas data 

Busi also usad as a 



tamporary holding ragistar. 

STEMPO through 8TEMP4 mtb usad as 
tamporary holding ragisters during 
axacution of various functions. 



XSAVE and YSAVE ara usad to hold tha 
final X and Y positions* raspactivaly# 
to ba attainad during axacution of 
Fillad Histogram and Bit-Map graphic 
oparations. 

Main Sagmant Mamory Managamant 
paramaters. Bits 15-12 hold the 
protection mask* while bits 11— OO hold 
tha relocation value* as specified by 
the operating software via access 
through the DSR. 

Auxiliary Segment Memory Management 
parameters. Similar to MAINMM but holds 
the parameters for the Auxiliary 
display-file segment. 

Control-Status Register. Contains 
control and error bits* as specified in 
Paragraph 3. 3. 2. 4. 



* Register can ^e accessed 
Register (Chapter 3). 



(continued on next page) 
from the LSI-11 Bus via the DSR 
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Tabl* 4-B (cont'd) 
Scratchpad RAM Rtgittar Aftsignmtntt 



RAM 



13 



14 



15 



16 



17 



I 



Nam* 



OHINCR 



HBASE* 



CBASE* 



PCSAVE* 



JGINST 



Function/Uta 



Oraph/Hifttogram In 
Bits 04-00 hold tha 
spacifiad in bits 
ORAPHPLOT INCREMENT 
(Paragraph 3. 5. 2. 12 
Pixal Data Inhibit 
spacifiad by tha 
INHIBIT instruction 
usad to %ay/9 tha 
high byte of a dii 
Data Word. 



cramant Ragiatar. 

incraoiant valua as 

05—01 of tha LOAD 

display instruction 

). Bit 06 holds tha 

control bit* as 

LOAD PIXEL DATA 

Bits 15 — 08 »T9 

character from tha 

play-fila Character 



Histogram Base register. Bits 08-00 
hold bits 09-01 of the value specified 
by the SET HISTOGRAM BASE display 
instruction. Bits 15 and 14 hold the 
Main- and Auxiliary-Segment Urite- 
Protect bits* respectively. 



Character Base registr*^ 
value specified by the 
BASE instruction. 



Holds the 
lET CHARACTER 



Display Program Counter Save register. 
Saves the contents of the DPC during 
subroutines and Bit-Map processing. 

Contains the microprogram address of 
the start of the current Graphic Mode 
processing routine. Also saves the 
current Graphic Mode Op-Code. 



* Register can be accessed 
Register (Chapter 3). 



froii the LSI-11 Bus via the DSR 



The 


Scratc 


hpad 


Bus 


can be 


tra 


a Data-Out 
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Th» HBUF rvgimttr in th» Scratchpad RAM is alto us*d during aach 
DMA cycla to hold tha two high-ordar addrass bits for tha mamory 
location baing addrasiad. During tha addrass portion of tha DMA 
cyc.la« MBUF is gatad onto tha SRC bus. Bits 00 and 01 of tha SRC 
bus mv than gatad to tha LSI-11 Bus BAD 16 and BAD 17 (Bus 
Addrass 16 and 17) linas whila tha ramaining addrass bits mrw 
suppliad by tha 2901A via tha DAL bus. During a writa into host 
CPU Hiaaiory* bit 15 of MBUF also supplias tha I4TBT (Writa/Byta) 
signal to tha LSI-11 Bus. 



4. 3. 3 DBUS Intarfaca 

Figura 4-6 shows tha DBUS Intarfaca saction of tha Display 
Procasftor. Tha DBUS is a bidiractional bus carrying datai 
control and status information batwaan tha Display Procassor 
modula* tha Imaga Mamory fliodulas# and tha Sync Ganarator/Cursor 
Control modulas using twanty-six signal linas. 

Tha DBUS is physically implamantad as a 40-conductor flat cabla 
connactad at tha handla and of aach modula via a 40-pin haadar. 

Tha twanty-six signal linas usad on tha DBUS cabla mv^ dafinad as 
follows: 

1. Twalva bidiractional data linas which mr9 drivan and 
racaivad by tha Display Procassor. 

2. Nina control linas drivan by tha Display Procassor and 
racaivad by tha Imaga Mamorias and tha Sync Oanarators. 

3. Two status linas drivan by tha Imaga Mamorias and 
racaivad by tha Display Procassor. 

4. Thraa status linas drivan by tha Sync Qanarators and 
racaivad by tha Display Procassor. 

Tabla 4-9 dascribas tha function of aach signal Una. 

As shown in Figura 4-6» tha DBUS Data linas ara suppliad with 
data from bits 00-12 of tha intarnal DAL bus. Thay mrw racaivad 
and gatad onto bits 00-12 of tha intarnal SRC bus. Control 
signals ara suppliad by tha DBUS Control Ragistar <DBC} which is 
loadad from bits 08-15 of tha EMIT fiald of tha microword. 
Status signals racaivad from tha DBUS mv appliad diractly to tha 
Branch-uTast (BUT) Multiplaxar in tha Saquancar saction of tha 
Display Procassor. Tha following paragraphs dascriba tha action 
of thasa various alamants during communications with Imaga 
Mamorias and Sync Ganarators. 
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Fiflur* 4-6 
DBUS Intvrfac* Block Diagram 
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Tabl« 4-9 
DBUS Signal Lin* Functions 



Nam* 



Diraction 



Dascription 



DBUS <11:00> 



D SEL <03:00> 



\ Bidiractional 
\ 



DP to Ifflaga 
iiamory and 
Sync 
Qanarator 



<a) X and Y coordinate data 
to Image Memories^ specifying 
the coordinates of a pixel 
location to be written or 
read back. 

<b) Pixel Data to be written 
into Image Memoryi specifying 
the color/intensity of a 
pixel. 

(c) Control information to be 
loaded into the Image Memory 
control register/ specifying 
the memory operating modes. 

<d) X and Y coordinate data 
to be loaded into the Cursor 
Coordinate registers on a 
Sync Generator* specifying 
the position of the cursor 
crosshairs. 

(e) Control information to be 
loaded into the Joystick 
Control registers on the Sync 
Generators. 

(f) Pixel data read from 
Image Memory during a Pixel 
Readback operation. 

(g) Joystick cursor coordi- 
nate data and status returned 
to the Display Processor 
during a Joystick Status Read 
operation. 

This 4-bit Select code 
specifies a particular 
register to be accessed or 
operation to be performed in 
an Image Memory or Sync 
Generator. 



(continued on next page) 
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T«bl« 4-9 (cont'd) 
DBUS Signal Lin* Functions 



Nan* 



Direction 



Description 



D PULSE 00 



DB MEM CLK 



D WRITE 

D CLR 

D REQ DATA 



MSYNC 



DATA AVAILABLE 



JS SU INTR 



JS MATCH 



DATA RDY 



DP to Image 
Memory and 
Sync 
Generator 



DP to Image 
Memory and 
Sync 
Generator 



DP to Image 
Memory 



Image Memory 
to DP 



Image Memory 
to DP 



Sync 

Generator to 
DP 



Sync 

Generator to 
DP 



Sync 

Generator to 
DP 



Strobe pulse* issued with the 
Select code on D SEL <03: 00>« 
causing the selected register 
to be written or operation to 
be initiated. 

Continuous clocking signal 
causing all Image Memories to 
be synchronized to the 
display processor microcycle. 
Also received by the Sync 
Generator to synchronize 
display of the cursor. 

Cause uirite-enabled Image 
Memories to perform a Urite 
cycle* a Clear* or Pixel 
Readback cycle. 

Issued by uirite-enable Image 
Memories to indicate that 
writing of pi .*!% can occur. 

Issued by Image Memory during 
Pixel Readback cycle to 
indicate that the pixel data 
from the selected location 
has been placed on the DBUS 
Data lines and can be read by 
the Display Processor. 

Issued by a Sync Generator 
when the Joystick Switch is 
closed and the Joystick 
Switch interrupt is enabled. 

Issued by a sync generator 
when the Match Interrupt is 
enabled and the DP has 
written into an Image Memory 
location whose coordinates 
match the current position of 
the joystick cursor. 

Issued by Sync Generator to 
indicate presence of X or Y 
cursor data on DBUS Data 
lines during a Joystick 
Status read cycle. 
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4. 3. 3. 1 DBUS Data Drivers And Receivers - 

The DBUS Data drivers consist of two transparent latch chips with 
3-s-tate outputs. The output-enable for these chips is controlled 
by bit 14 of the DBUS Control Register (Paragraph 4.3.3.2). When 
the output-enable is louii the chips mv actively driving data 
onto the DBUS. When the output-enable is high« the drivers mr^ 
placed in a high-impedance state and so do not affect the DBUS. 
When the latch-enable input is high» it allows data on the DAL 
<il:00> bus inputs to pass to the latch outputs. Bringing the 
latch-enable low causes the output data to be held stable. This 
occurs during the last 40 nanoseconds of one microcycle and the 
first 40 nanoseconds of the next microcycle to allow for tail-end 
deskewing of DBUS data. 

Data to be written into a register of the Image Memory or Sync 
modules is typically held in one of the registers in the 2901A 
mTTm\i. When the data is being written the microprogram performs 
the following* typically within one microinstruction: 

1. The EMIT <11:08> bits are configured with the 
appropriate D SEL code to select the Image Memory or 
Sync register being written. EMIT bit 14 is specified 
as zero to enable the DAL data to be gated onto the 
DBUS. The ENABLE DBC bit in the microword is coded as a 
one to allow the DBUS Control Register (DBC) to be 
loaded with the EMIT data. 

2. The microword is coded to select a 2901A register and 
gate its contents onto the DAL bus. 

3. The data passes from the DAL bus onto the DBUS and is 
presented to the Image Memory and Sync registers. 

4. The microword is coded to cause the PULSE 00 strobe to 
be issued. When the selected memory or S"nc register 
receives this pulse« the data is loaded into the 
register and the cycle is complete. 

When data is being read from a Memory or Sync register* the read 
operation is triggered by a previous microprogram operation* 
which varies depending upon the source of the data. The 
microprogram sets bit 14 of the DBC to disable the DBUS data 
drivers* forcing them into a high-impedance state. The 
microprogram then waits for a signal from the Memory or Sync 
indicating that the requested data has been placed on the DBUS 
Data lines. If the data is coming from an Image Memory* the 
microprogram waits for the DATA AVAILABLE status signal. If data 
is being vmi from a Sync module* the wait is for assertion of 
DATA READY. When the required signal is received* the 
microprogram enables the DBUS Receivers to gate the data onto the 
Source (SRC) Bus. From the SRC Bus* the data is loaded into a 
register in the 2901A. After data is loaded* the microprogram 
signals the completion of the cycle to the Image Memory or Sync* 
which removes its data from the DBUS. 
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4.3.3.2 DBUS Control Rtgiftttr (DBC) - 

Th« DBUS Control R*giBt»r (DBC) it an 8-bit r»gi«t»r« loadvd from 
biti 06 — 19 of tht EMIT fitld of tht microword wh«n th« Enable 
DBC Load <EN DBC) bit in th« microuiord i% s»t. Figur* 4-7 
iiljfttratffs tht DBC bit forinat« and Tabl* 4-10 dascribat aach 
bit. 



EMIT BIT: 



15 14 



13 



12 11 



10 



09 08 



DWRT 


JSTT" 

TO 

DBUS 


DCLR 


REQ 
DATA 


1 r ■ " r 

DSEL<03:00> 
1 1 1 



WR-5347 



Figura 4-7 
DBUS Control Reg i star Format 



Tabla 4-10 
DBUS Control Ragi»tar Bit Dafinitiont 



\ EMIT Bit 



Nama 



I 



Daacription 



15 



14 



DWRT 

<D WRITE H) 



DAL TO DBUS 



13 



D CLR 



12 



REQ DATA 
(Raquait Data) 



When set <l)i ca iea pixel urrite 
cycles to be i. vitiated in all 
birite-enabled Image Memories. 

When clear (0)« the DBUS Data 
drivers mv enabled and DAL Bus 
data is gated onto the DBUS data 
lines. When set <1)> the drivers 
are inhibited. 

When clear (0)* causes the D CLR 
L signal to be sent to all Image 
Memories. This bit is held clear« 
while the DWRT bit is held set. 
for a minimum of one full display 
field time to clear all 
uirite-enabled Image Memories. 

When clear (0). and the DWRT bit 
is seti a Pixel Readback cycle is 
triggered in all uirite-enable 
Image Memories. The memory reads 
the pixel data at the X-Y 
position previously loaded* 
places the data on the DBUS Data 
lines* and asserts DATA 
AVAILABLE. 



(continued on next page) 
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Tabl* 4-10 <cont'd) 
DBUS Control Register Bit Definitions 



EMIT Bit I 
_» L 



Nam* 



I 



Description 



11-08 I D SEL <03:00> 
(DBUS Register 
Selects bits 
03-00) 



£fid£ 

1 

2 
3 

4 



7 
10 

11 

12 

13 
14 
15 

16. 17 



This 4-bit field is encoded to 
select en action or register in 
an Image Memory or Sync modulei 
the specified action is performed 
when the PULSE 00 is issued by 
the microprogram. The D SEL codes 
aT€: 

Action 

Terminate CURSOR READBACK cycle 

Write JOYSTICK STATUS Register 

Write Image Memory X Position 

Write Image Memory Y Position 

Write Image Memory Status 
Register 

Write Image Memory Pixel Data 
Latch 

Perform mode suiitch in enabled 
Image Memories 

Unused 

Trigger reading of cursor X and Y 
coordinates on SYNC channel with 
Joystick Interrupt pending 

Trigger reading of cursor X 
coordinate on the SYNC channel 
selected by DBUS Data bits 11-10 

Trigger reading of cursor Y 
coordinate on the Sync channel 
selected by DBUS Data bits 11-10 

Write cursor X coordinate 

Write cursor Y coordinate 

Write Extended Cursor Control 
Register (Blink and Switch bits) 

Unused 
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4. 3 4 Control ROlii S»qu*nc»r And Timing 

Operation of th« sntirt Display Processor is undvr control of a 
Aic^oprograoi residing in th» Control ROH (Read-Only Memory). 
Control of the microprogram sequence itself is also provided by 
the ROM. Figure 4-8 is a block diagram of the ROM* its pipeline 
(output buffer) register* and the microprogram sequencing logic. 
The basic elements in this control section are described in Table 
4-il. 



The following paragraphs provide details of the various 
within the control section. 



elements 



Table 4-11 
Control ROM Basic Elements 



! Name \ Description 1 


\ ROM \ Read-Only Memory. The ROM is an t 
i { addressable nonvolatile memory containing 1 
I I 1024 words of 64 bits each. The ROM is ! 
1 1 composed of sixteen 1024 X 4-bit ROM ICs. i 
i : The ten input address lines to the \ 
\ t sixteen ROMs arm wired in parallel* thus I 
i i selecting one 64-bit control word at a i 
1 I time. \ 

\ PIPELINE i The Pipeline Register stores all 64 bits i 
i REGISTER ! from the ROM. The outputs from this i 
1 t register are then applied to the other \ 
I \ elements in the DP to control their I 
\ I operation. The content of the Pipeline 1 
\ \ Register is termed the current microword { 
t ! or microinstruction* since it is the 1 
t 1 control word presently acting upon the t 
t t other elements. The ROM output is termed { 
1 ! the next microword. The timing is such 1 
i 1 that the next microword is always being ( 
J \ accessed from the ROM while the current \ 
1 I microword is executing* allowing the DP I 
t ' to run at maximum speed. \ 



(continued on next page) 
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Tablt 4-11 (cont'd) 
Control ROM Baiic Elvmants 



Nam* 



D»ftcription 



2909 SEQUENCER 



BUT MUX 

(Branch Microtast 

Multipltxar) and 

CONDITIONAL 

CONTROL 



TIMING 



Tha sat of thraa 2909 Saquancar ICs 
provides tha tan microprogram addrass 
linas to tha ROM; aach 2909 supplias 4 
bits <2 bits mr* currently unusad). Tha 
2909 Saquancar controls and issues 
microprogram addresses in response to 
control signals in tha currant microuord 
(Pipeline Register). Under microuiord 
control* the 2909s can causa the 
microprogram to continue from one 
instruction to the next* jump* jump to a 
subroutine (while saving the next address 
on an internal stack)* and return from 
subroutine (jumping to an address saved 
on the internal stack). 

The BUT MUX allows the microprogram to 
select one of 32 conditions for testing* 
for the purpose of modifying the 
sequencing of microinstructions. The 
output of the BUT MUX feeds the SEQUENCER 
CONDITIONAL CONTROL logic* which* when 
tha microword* either blocks 
the microcoded sequencer 
tha 2909s. A condition is 
MUX selection) in one 
and in the next 
conditional sequencer 
operation (typically a JUMP) is invoked* 
specifying the "sense** of the condition 
being tested. Then* if the condition 
tested was in one state* the JUMP will be 
executed and microprogram control will be 
transferred to another location. If the 
condition was in tha other state* no JUMP 
occurs and the microprogram continues in 
sequence. 



enabled by 
or passes 
commands to 
tested (via BUT 
microinstruction* 
microinstruction 



Tha DP receives the Video 
signal BCLK (Bus Clock) to 



its timing. BCLK 
80ns period. A 
this by 2 to 
period of 160 ns* 
the DP. BCLK 
resulting signal* 



IS a square 
flip-flop* 
obtain a 

the basic 
is buffe 

8Y8CLK* is 



to tha logic elements within 



Bus backplane 
derive all of 

wave with an 
SCLK* divides 
signal with a 
cycle time of 
red and the 
distributed 

the DP. 
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Figur* 4-B 
Control ROM Block Diagram 



4-36 



4.3.4.1 Basic Machin* Cycl* Timing - 

Timing in th« Display Procassor <DP) is rafarancad to tha rising 
adga of tha 1^ nanosacond BYBCLK signal. Tha pariod of SYSCLK 
tharafora dafinas ona microcycla« tha tima it takas to axacuta 
ona microinstruction from tha Control ROM. SYSCLK itsalf is 
darivad from tha backplana Vidao Bus B CLK signal via a 
divida-by-2 flip-flop. Figure 4-9 illustrates tha timing 
saquanca. 

At tha rising adga of SYSCLK* tha Pipalina Ragistar is clockad* 
loading it with data accassad from tha ROM in tha previous cycle. 
After the register outputs are settled* they begin acting upon 
the various elements in the DP. Some of the Pipeline Register 
outputs control the 2909 sequencer* which provides the address to 
the ROH for the next microinstruction. At about the halfway 
point through tha cycle (falling edge of SYSCLK)* the ROM address 
is valid and the ROM begins to present its output to the inputs 
of tha Pipalina Ragistar. By tha and of tha microcycla* all 
operations specified in tha mlcroword in tha Pipeline Register 
mr9 complete except for a final clock signal. Tha clock signal* 
which causes data to be stored* such as in the 2901A ALU 
circuits* is provided by the rising edge of SYSCLK. This 
simultaneously terminates one microcycle and begins the next by 
clocking the Pipeline Register. 



80ns 



BCLK H 



SYSCLK H 



r~L_j — L_r~LJ — L_r~L 
__j — 



i 



f 



PIPELINE OUTPUTS 
ROM ADDRESS 
ROM OUTPUT DATA 



CURRENT MICRO- 
INSTRUCTION 
(PIPELINE OUTPUT) 

NEXT MICRO- 
INSTRUCTION 
(ROM ADDRESS) 




mo^ 



n+ 1 



I 



n+ 1 



n+2 



Figure 4-9 
Basic Machine Cycle Timing Diagram 
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4.3.4 2 Microprogram Sequencing - 

Uords within the control ROM are numbarad in ttquancti beginning 
• t s i»ro and proceeding up through 1777 <octal). Normallyi a% in 
most procetftore* it is desired to execute ROM words 
(fiiicr:3infttructiont ) in numerical order* proceeding from word N to 
H+i to N-*'2« etc. This sequencing is provided for by a "program 
counter** within the 2909 sequencer circuit. Most of the time* 
the current microinstruction specifies this sequential mode of 
operation (via the SEQF — Sequencer Function — field). In this 
mode* the 2909 program counter provides an address to the ROM 
during the current microcycle. If this address is N* we say that 
the next microinstruction will be microinstruction N. At the end 
of the current microcycle* the one executing microinstruction 
N-1* microinstruction N is available at the ROM outputs and is 
clocked into the pipeline register to begin its execution. In 
addition* the 2909 program counter is incremented by 1* to N-**!* 
and begins accessing the ROM. 

Occasionally* the microprogram must break the sequential 
execution of instructions and transfer control to some other ROM 
location* such as N-^iOO. In these cases* the current 
microinstruction is coded to cause the 2909 to load a new value* 
N-(-iOO* into its program counter. When this occurs* a "jump** to 
location N-«-100 is made* and execution proceeds from there. The 
new address* N-«-100* can be supplied from one of three places. In 
a direct jump* the new address is supplied from the least 
significant 10 bits of the EMIT field in the current 
microinstruction. The jump address can also be taken from 
registers internal to the 2909. In one case* the address can be 
taken from the internal Address Register* AR. This register is 
loaded in a previous microinstruction* from the SRC Bus of the 
display processor* and that SRC data is typically supplied from 
one of the registers in the Scratchpad RAM. The address data* in 
turn* was placed in the RAM by the 2901 ALU circuit via the DAL 
Bus. The third source of jump address information is a pushdown 
stack within the 2909, Under microprogram control* the contents 
of the 2909 program counter can be "pushed" onto the stack. This 
is done for a subroutine call* when it is desired to return to 
the next instruction following the call. 

Figure 4-10 is a simplified block diagram of the 2909 array* 
which is composed of three 2909 ICs. The 2909 is controlled by 
five bits in the microword as defined in Table 4-12. 

Some combinations of the sequencer function and stack control 
bits listed above can be given familiar names* as described in 
Table 4-13. 
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Table 4-12 
2909 Sequencer Microuiord Control Bits 



Bit 



Function 



i ARW { Address Register Wri te-Enable. When this bit is 

\ I setf the data on the SRC bus is loaded into the { 

1 t 2909 Address Register at the end of the current ! 

i • fflicrocycle. 

i ! 

i SEQF t Sequencer Function. This tuio-bit field specifies 

I <01:00>* { the source of the neui ROM address by selecting one 

I I of the four multiplexer inputs^ as follows: 

I 

SEQF Function Address 

<01 : 00> Name Source Action 



FE» 



PUP» 



00 



01 



10 



11 



CONTINUE PC 



JMPR 



JMPS 



JMPE 



AR 



STACK 



D 
(EMIT) 



Continue in sequence. 

Jump to the location 
specified in the 
Address Register. 

Jump to the location 
specified in the top 
location on the stack 

Jump to the location 
specified in EMIT. 



File Enable. When this bit is seti the stack is 
either pushed or popped> as specified by the PUP 
bit. 

Push/Pop. When this bit is <and FE « 1)> the 
stack is "popped"; the top u»ord is discarded and 
the next uiord rises to the top. When PUP » 1 <and 
FE =■ i)# the contents of the PC (microprogram 
counter) is pushed onto the stack. 



I 



* These bits pass through a set of gates to alloui their functions 
to be "conditionalized" (negated if selected conditions are not 
met). 



A processor is worthless if it cannot sense a condition at hand 
and modify its program flow to take account of the state of that 
condition. Therefore* the microword provides control bits to 
facilitate "conditional" sequencer operations. Seven bits in the 
microword mrtt used for this purpose* allowing a condition to be 
selected and then conditionaly jumping* calling a subroutine* or 
returning from a subroutine. If the selected test condition does 
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not ii««t th* sfflvcttd crittrisi th* (nicroprogr«in mtrtly continuvt 
in isquvnc*. Tht microuiord bits that control tht conditional 
stquancvr opvrationi mrm dttcribtd in Tabl* 4-14. Tht BUT MUX 
input signal! and taltction codit ar» prtstnttd in Tabl* 4-15. 

Som* of tha signals tasted via tha BUT MUX ara assartad HIGH 
i. a. « tha signal is asserted uihen it is in tha logic HIGH state 
and negated uihen it is LOW). Other signals are asserted LOU 
(negated state is HIGH). Using the SNS (Sense) biti conditional 
sequencer action can be taken on either polarity of either type 
of signals as described in Table 4-16. 



Table A-\3 
Sequencer Control Bit Functions 





SEQF<1:0> 


I FE 


I PUP 




Sequencer Instruction S 




00 


! 


1 - 




CONTINUE (default condition) \ 




00 


1 







POP: Discard the address on the top 1 
of the stack and continue in sequence I 




00 


i 


1 




PUSH: Push the current PC onto the \ 
stack and continue in sequence 1 




01 





1 - 




JUMPR: Jump via AR (Address Register) ! 




01 


1 


1 




JSRR: Jump to Subroutine via AR 1 




10 





- 




JHPS: Jump via Stack i 




10 


1 







RTS: Return from Subroutine ( JMPS+POP ) 1 




11 1 





- 




JMP or JMPE: Jump Direct via EMIT 1 




11 1 


1 

1 


1 


1 
1 

\ 
-L 


JSR or JSRR: Jump to Subroutine via i 
EMIT 1 
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Table 4-14 
Conditional Sequencing Microuiord Bits 



Bit Name 



Function 



Branch-MicTo-Test. Thi» 5-bit field selects 
one of 32 conditions to be testedi ranging 
from constants (logic low) and 1 (logic 
high)» through the status signals provided by 
290iA ALU circuits (Carry Outi F » 0. etc. ). 
Included »rm status signals from the LSI-11 
Bus Interface. the DBUS Interface, the VBUS 
(Video Bus)i and several of the DAL Bus data 
lines. The state of the selected condition is 
stored in a "condition" flip-flop* inhere it is 
acted upon in the next microcycle. Table 4-15 
presents the signals and selection codes. 



Enable Sequencer Conditiona 
set* conditional sequen 
invoked. That is* the SEQF 
control bits mrw either bl 
pass to the 2909 sequenc 
state of the test condit 
previous microinstruction. 
(unconditional Sequenc 
sequencer control bits 
effect regardless of 
condition. 



1. When 


this 


bit 


is 


cer 


op 


erat 


ion 


is 


<01: 


00>* 


FE 


and 


PUP 


ocked or 


all 


ouied 


to 


er depen 


ding 


on 


the 


ion 


selected 


in 


the 


If 


the 


RFQC 


bit 


, is 


er 


func 


tion 


)* 


the 


have th 


eir 


stated 


the 


sta 


te 


of 


any 



Test "Sense", 
polarity* of 
the true or c 
flip-flop for 
is met or not 
0* (and SEQC 
sequencer ac 
condition was 
sequencer acti 
in sequence), 
test is met an 
the tested con 



This bit selects the sense* or 

the testing operation* selecting 

omplement state of the condition 

determining whether a condition 

met (true or false). When SNS * 

* 1)« the test is met (true) and 

tion allowed if the tested 

a logic HICHi if it was LOW* 

on is blocked (program continues 

When SNS > 1 (and SEQC » 1) the 

d sequencer action is allowed if 

dition was LOW. 
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SRC<11:00> 



I I 

PIPELINE 
REGISTER 



li 



ADDRESS 

REGISTER 

(AR) 




I 

CONDITIONAL 
CONTROL 



Figure 4-10 
2909 Sffquvnctr Simplified Block Diagram 



4-WORD 

"FILE" 

(STACK) 



TT 



MICRO- 
PROGRAM 
COUNTER 

(mPC) 



MR-5350 



A shorthand notation can ba davalopad to battar follow tha 
saquancar operation. If XXX is usad to rapraiant a general 
sequencer operation* such as JMP# JSR* or RTS. then the follouiing 
notation can be used to describe conditional operation: 

Ngt^1?ior> Operation 

XXX + HCT Perform sequencer action if an asserted-High 
Condition uias tested and it uias TRUE (High). 

XXX + LCT Perform sequencer action if an asserted-LOW Condition 
was tested and it was TRUE (Low). 

XXX -*- HCF Perform sequencer action if an asserted-HIGH 
Condition was tested and it was FALSE (Low). 

XXX ■♦• LCF Perform sequencer action if an asserted-LOW Condition 
was tested and it was FALSE (High). 
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Tabl» 4-15 
BUT MUX Signals and S«lection Codes 



\ BUT<4:0>J 
{ Octal I 
i Codt \ 


Signal Name 


1 Dascription \ 


i { 


GND 


I Logic laval (Low) I 


i 1 1 


-f3VB 


I Logic 1 lavtl <High) I 


t 2 t 


VB HBLANK L 


{ Video Bus Horizontal Blank signal. I 
I Assarted once per video scan line i 
i during horizontal retrace. 1 


1 3 ; 


VB VBLANK L 


i Video Bus Vertical Blank signal. ! 
t Asserted once per video field \ 
\ during vertical retrace. Used to i 
{ time memory Clear and DNOP i 
i operations. • 


\ 4 \ 


VB ODD FRM L 


{ Video Bus ODD FRAME signal, i 
\ Asserted in Interlaced mode during ! 
i the odd numbered field. i 


\ 5 1 


VB STALL L 


! Video Bus STALL signal. For future 1 
1 expansion. \ 


1 6 \ 


RRPLY H 


\ Received BREPLY signal from the \ 
\ LSI-11 Bus. i 


\ 7 I 


STALL <1) H 


\ Output of the STALL flip-flop in { 
\ the LSI-11 Bus Interface section of I 
\ the DP. Mhen clear. blocks DEV ! 
i REPLY from passing to the bus. 1 


\ 10 i 


MSYNC L 


{ DBUS Sync signal from Image Memory; \ 
1 indicates that pixel uiriting can ! 
1 occur. 1 


i 11 i 


JS SW INTR L 


\ DBUS Joystick Switch Interrupt \ 
\ signal) indicates that the switch I 
\ on the selected Joystick channel { 
1 has been pressed. \ 


1 12 \ 


JS MATCH L 


! DBUS Joystick Match signali 1 
\ indicates that the current pixel { 
{ writing position matched the cursor ! 
{ coordinates. t 


\ Jf3 I 


DATA RDY L 


\ DBUS Data Ready signal from M70^1 I 
1 modulei indicates that cursor data 1 
1 is available on the the DBUS. 1 



(continued on next page) 
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Tablt 4-15 (cont'd) 
BUT MUX Svltction Codts 



BUT<4: 0> 
Octal 
Cod* 



Signal Namt 



Dvscription 



14 



DATA AVAIL L 



15 
16 



BSPl H 

EXT STOP <1) H 



17 



VB NON-INT L 



20 


S SEL 


L 


21 


! SEL 


2 L 


22 


{ SEL 


4 L 



23 



INWD L 



24 



25 



26 



27 



DEV REPLY H 



MASTER H 



ENA ST 



VECTOR H 



DBUS Data Availabla signal from 
Iffiaga Mvmoryi indicatts that piitl 
data is availabl* on tha DBUS Data 
lina during Pixal Raadback. 

Spare DBUS status signal. 

Flip-flop in LSI-11 Bus Intarfaca 
saction) uihan sat* indicates that 
tha CPU uirota into a VSVll/VSll 
ragistar; tastad by tha micropro- 
gram to datarmina if display 
processing should ba suspended. 

Video Bus signal indicating that 
tha Image Memories are operating in 
Non-interlaced mode. 

Signals from the LSI-H Bus Inter- 
face section indicating the de-^ 
coded state of the DAL 02 and 01 
linesj indicate uihich device regi- 
ster is being accessed. 

Signal from the DC004 Protocol 
circuit indicating that a DATI bus 
cycle is being requested (to read a 
VSVll register). 

Signal from the DC004 Protocol cir- 
cuit indicating that the VSVll is 
being addressed for data transfer. 

Signal from the DCOlO DMA Control 
circuit indicating that bus master- 
ship has been attained. 

Signal from the DC003 Interrupt 
circuit indicating the state of its 
internal interrupt enable. 

Signal from the DC003 Interrupt 
circuit indicating that an int- 
errupt cycle is in progress (i. a, * 
that the vector is being sent onto 
the LSI-11 Bus DAL lines). 



(continued on next page) 
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Tabl» 4-15 (cont'd) 
BUT MUX Selection Cod»» 



I BUT<4:0> 












! Octal 1 


Sij 


|na] 


Nam* 


1 Datcription 




\ Cod* i 












i 30 1 


COUT H 




1 Carry Out signal from tha MSB 


of 1 










: the 2901A ALU array. 




{ 31 


OVR 


H 




! Arithmatic Ovarflow signal from 
1 MSB of tha 2901A ALU array. 


tha I 


! 32 


F15 


H 




1 Sign bit <MSB) of tha 2901A 


ALU i 


i 33 


F«0 


H 




\ Signal from tha tha 2901A ALU array i 










I indicating that tha numbar at 


tha i 




• 






t output of tha ALU is aqual to zero. 1 
1 1 


t 34 


t DAL 


00 


H 


\ Bits from tha intarnal DAL bus= 


1 

1 
1 


\ 35 


1 DAL 


07 


H 




1 
1 


\ 36 


1 DAL 


06 


H 




1 
• 


J 37 


1 DAL 


09 


H 




} 

1 
1 



Tabla 4-16 
Conditional Saquancar Action 



Signal ! 

Polarity ! 

<Assartad) I 



Stata 
As 
Tastad 



i SNS 



H 

L 
H 

L 



H 
H 

L 
L 



<Trua) 
(Falsa) 
(Falsa) 
(Trua) 





i 
1 



! 



Saquancar Action 



Tha spacifiad oparation is 
parformad (i.a. « JMPi JSR> 
RTS, ate. ). 



H 

L 
H 

L 



i H (Trua) t 

i H (Falsa) I 

! L (Falsa) 

J L (Trua) 



1 
1 

O 



Tha spacifiad oparation is not 
parformad} tha microprogram 
continuas in saquanca. 



Figura 4-11 is a microprogram flow diagram shouiing tha various 
saquancar oparations. In tha diagram* aach block raprasants ona 
microinstruction* axacutad within ona microcycla. Each block* in 
turn* is dividad into thraa sactions. Tha top saction spacifias 
tha Saquancar and Conditional functions* tha middla saction 
spacifias ALU and data-path oparations and tha third saction 
spacifias a condition to ba tastad via tha BUT MUX. 
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MICROPROGRAM 
ADDRESS 



100 



CONTINUE 



COUNT «^0 



101 



JMP + LCT 



200 



COUNT ^ COUNT + 1 



BUT(COUT H) 




SEQUENCER FUNC. & JUMP ADDR. 
DATA PATH & ALU OPERATION 
TEST CONDITION 



DATA 
READY 



-DATA READY 



200 





102 , 


' 






JMP+ HCF 


101 




(NOP) 




BUT{DRDY L) 


CARR' 
OUT 


i 











CONTINUE 



Q-H-DBUS 



CARRY OUT 
(TIMEOUT ERROR) 



103 



JMP 



DRYTMO 



(NOP) 



MR-5351 



Figur* 4-11 
Microprogram Flow Ex«mpl» 
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Tht program sequence shouin is similar to that used for reading 
data from a cursor position register in a vX]YSTICK channel. 
First* a register in the 2901 (COUNT) is initialized to serve as 
a "timeout" counter. Then a two-instruction loop is entered to 
test the DATA READY L (DRDY L> signal uihile counting 
(incrementing) the counter. If the Low-true DRDY L condition is 
seen> the loop is eiited with a Jump to read the data from the 
DBUS into the 2901 Q-Register. If DRDY L is not seen true before 
64K cycles through the loop have been made« COUNT is incremented 
to zero« a CARRY OUT of the 2901 occurs^ and the program "falls 
out" of the bottom of the loop. A Jump is then made to a routine 
called Data Ready Timeout (DRYTMO) to handle the error. 



4. 3. 4. 3 Microword Format - 

Figure 4-12 illustrates the format of the 64-bit microword in the 
Control ROM. Shown also mv the IC locations on the M7064 module 
where each of the 16 ROM circuits resides. Each bit or field has 
been described previously in terms of the specific logic mrmm it 
controls. The figure provides a ready reference for the overall 
microinstruction. 

For convenience^ the 64-bit microword has been divided into four 
smaller 16-bit words. Bits have been grouped into the 16-words 
according to their function* as follows: 



WORD 0: ALU Control and QBUS and DBUS Control Register 
Load-Enable 

WORD 1: Register and Bus Selection 

WORD 2: Microprogram Sequence Control and Strobe-Pulse 
Selection 

WORD 3: Multipurpose EMIT Field: 

(a) 16-bit Constants 

(b) Microprogram Branch Address 

(c) QBUS Control Data 

(d) DBUS Control Data 
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WORD 
E51 E48 



E44 

/ V/ V 

15 14 13 12 11 10 09 08 



■\r 



06 05 03 02 



E49 E35 

\ / \/ 

00 



WORD 1 
E45 E46 



E47 



■V 



■\^ 



1 


! ' 


D 


Q 


P 


— 1 — 1 — 
1 


— 1 1 

1 


— 1 — r- 
1 


SH 


CI 
1 


B 
C 


B 
C 


1 


<8:6> 
1 L 


1 
<5:3> 


1 
<2:0> 

— 1 — 1 — 



ALU 
SOURCE 



ALU 

FUNCTION 
ALU 
DESTINATION 

»- QBUS CONTROL REG. 
LOAD-ENABLE 



•- DBUS CONTROL REG. 
LOAD-ENABLE 

»- ALU CARRY INPUT SELECT 
0=0 

1 = 1 

2 = SAVED CARRY 

3 = -SAVED CARRY 



2901 SHIFT-LINKAGE 
CONTROL 
0=0 

1 = 1 

2 = ROTATE 

3 = ARITH. SHIFT 



15 


14 13 


12 


11 08 07 04 03 




00 


D 
A 

L 


1 
SRC 


S 

P 
W 


1 1 f 

SPR 

i L .. L , 


T 1 1 
A 


I 


B 


1 



2901 

REGISTER 
SELECT 



L- SCRATCHPAD 
REGISTER 
SELECT 



SCRATCHPAD 
WRITE 

^ SRC BUS SELECT 

= SCRATCHPAD 

1 = EMIT 
2= DBUS 



DAL BUS SELECT 
0=2901 
1 = DC005 



Figure 4-12 
H7064 Display Processor hicrouiord Format 
<She«t 1 of 2) 



MR-S3S' 
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E33 



WORD 2 
E39 E34 



15 



"v V \r 

11 10 09 08 07 06 05 04 



E32 E50 
\ / 

00 



WORD 3 
E36 E37 



E38 



^/■ 



■\^ 



-\r 



i 


STRB 
<2:0> 


P 
U 
P 


F 
E 


SEQF 

L_ 


S 
E 
Q 
C 


W 
E 


S 
N 
S 


— 1 — 1 — 1 — 1 — 

BUT 



STROBE 
SELECT 



TEST 
CONDITION 

L TEST "SENSE' 
(POLARITY) 



^ 2909 A R 

lA/pT CM 



*- ENABLE 
SEQUENCER 
CONDITIONAL 

SEQUENCER 
FUNCTION 

0= CONTINUE 

1 =JMPR 

2 = JMPS 

3 = JMPE 



*— FILE ENABLE 

PUSH/POP 2909 FILE 
0=POP 
1 = PUSH 



15 












00 




1 1 
1 1 


EMIT<15:00> 








f 



10 



00 





BRANCH ADDRESS 



QBUS 
CONTROL 



15 14 


13 


12 


n 08 


D 


1 


1 


1 




W 
R 


D 
A 


C 
L 


R 
Q 


SEL 


T 


L 


R 


D 





07 06 05 04 03 02 01 


00 


R 


R 


T 


T 


T 


T 


D 


X 


Q 


Q 


D 


D 


X 


S 


M 


M 


B 


A 


n 


1 


A 


Y 


Q 


1 






u 


N 




N 




T 






T 













STRB 



STROBE PULSE 



PULSE 00 
SET STALL 
CLK STALL 
SET STOP 
CLK STOP ENA 

CLR DCOlO 



DBUS CONTROL 



FiguT* 4-12 
M70&4 Display Proc»»»or Microword Format 
<Sheet 2 of 2) 
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4. 4 MICROPROCRAM OVERVIEW 

Fisu • 4-13 i% m simplified flow diagram of th» Display Processor 
micr jprogram. Tha follouiing paragraphs dascribt th* ganaral 
opar< ition. 



4. 4. 1 Initialization And Stlf-Tast 

Tha first block of tha diagram indicates tha Display Processor's 
Initialization and Salf-Test action. This block is entered upon 
the occurence of the LSI-11 Bus INIT signal or upon writing 
100000 (octal) into the DYR register. In this block* various 
2901A and Scratchpad registers mrw cleared or initialzed to a 
preset value. Theni tests are performed to check the basic 
integrity of the system: DBUS and VBUS status lines are checked 
for a "hung" condition (indicating a short or open circuit) and 
the DBUS Data lines are all tested with a count pattern. If any 
error is detected* the initialization sequence is aborted and a 
jump to the appropriate Error Stop routine is made to set an 
error code into the CSR register. 

Assuming all tests are passed* the microprogram proceeds to clear 
the registers in all available Sync Generator/Cursor Control 
channels (to disable interupts and turn of-f the cursor) and sets 
all Image Memory channels to Write-Only mode. Then* a utility 
subroutine is called to clear all Image Memories to zero (black). 
Finally* the program exits to the Idle-Stop block. 



4.4.2 Idle-Stop Sequence 

In the Idle-Stop section of the program* the microprocessor 
synchronizes itself to the LSI-11 Bus in preparation to handle 
accesses to its device registers. Upon entry to Idle-Stop* the 
microprogram is in the Busy state* with the STALL flip-flop set 
to allow automatic REPLY to register accesses. In order to 
service register accesses* the STALL flip-flop must be clear* to 
block replies until the requested action has been serviced. In 
addition* a pending interrupt request must be posted (asserted on 
the LSI-11 Bus) at this time. 

First* the FLAGS register in the 2901A is examined. If either 
the REQ A or REQ B bits ar9 set* the appropriate bit in the QBUS 
Control Register is set to request the interrupt. Then* the 
STALL flip-flop is clocked (with the CLK STALL strobe pulse)* 
the data input to the flip-flop is the DEV REPLY signal. STALL 
is then tested. If it is set* the CPU was trying to access a 
device registers therefore STALL must be clocked again. The 
microprogram loops* clocking and testing STALL* until it clears. 
It then proceeds to the Idle Loop to await action from the LSI-il 
Bus* assured that the program is prepared to service any actions. 
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4. 4. 3 Idle Loop 

In the Idle LoDp# the microproflram continually tests the DEV 
REPLY signal. While it is uiaiting* it allows LSI-11 Bus BDAL 
data to be gated onto the internal DAL bus; this allows the 
DC004 Protocol circuit to decode address bits 1 and 2 for 
register selection. 

DEV REPLY can be asserted either by a register access or by 
gaining control of the LSI-=11 Bus for an interrupt cycle. When 
DEV REPLY is seen, the VECTOR H signal is tested. If it is 
asserted, an interrupt service routine is entered to allow gating 
of the interrupt vector onto the LSI-11 Bus. After the interrupt 
cycle is complete, the appropriate bits in the QBUS Control 
Register and FLAGS register arw cleared and the program returns 
to the Idle Loop via Idle Stop. 

If the VECTOR H signal was not asserted, the DEV REPLY is for a 
register access. The microprogram first determines whether the 
access is for a DATI <Data In, CPU trying to read a VSVll/VSll 
register) or for a DATO (Data Out, CPU trying to write into a 
VSVll/VSll register). A microprogram branch is taken 
accordingly. 



4. 4. 4 Data Out Sequence 

In the Data Out routine, the microprogram takes the data from the 
LSI-11 Bus and loads it into the Scratchpad register MBUF. It 
then copies MBUF into the 2901A Q-Register. It then tests the 
SEL 0, SEL 2 and SEL 4 signals from the Protocol logic to 
determine which register is being accessed. A microprogram 
branch is taken to one of four routines, corresponding to the 
four device registers. 

If the access was for a write into the DPC <SEL asserted), the 
WRTDPC routine is entered. First, the STALL flip-flop is set to 
cause BREPLY to be sent onto the bus. Then, bit of the 
Q-Register is tested to determine if a Start or a Resume is to be 
performed. If Start, the data in the Q-Register ~is copied into 
DPC. Various housekeeping actions are performed <load current 
Memory Management registers, etc. ). Finally, a jump to the 
Redispatch routine is made to begin display file processing. 
Upon exit, the STALL flip-flop is allowed to remain set. The 
microprogram is now in the Busy state. 

If the access was for a write into the DSR register, the data in 
the Q-Register is tested and the appropriate fields written into 
the selected internal register. After the data is written, STALL 
is set <to cause BREPLY) and an exit back to the Idle Loop is 
made. The WRTDSR routine does not cause the DP to go Busy. It 
also handles its own bus synchronization. 
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If th* DXR or DYR it bving uirittvn* th« DP goffs Busy aftvr 
sttting STALL and procffsds to dvcod* tho uppvr bits of th« 

Aftvr th« 
r Idl* Loop 



sttting STALL and procffsds to dvcodo tho uppvr I 
uirittffn data to dat«raiina what action is to ba takan. 
appropriata function hat baan parformad* raturn to th 



ia mada via Idla Stop. 



4. 4. 5 Data In Saquanca 

If a DATI ia baing raquaatad# tha program gatas tha data from tha 
salactad ragimtar onto tha intarnal DAL bum* lata tha TXMIT bit 
in tha QBU8 Control Ragistar (to causa tha data to ba drivan onto 
tha LSI-li Bus BDAL linas) and than sats STALL to causa BREPLY. 
It than waits for DEV REPLY to nagata» indicating that tha CPU 
has takan tha data. Finally* it claars STALL and raturns to tha 
Idla Loop. 



4.4.6 Display Procassing 

Display-fila procassing bagins whan tha DPC ragistar is writtan. 
Tha antry point is a routina callad Radispatch. Radispatch usas 
tha microprogram addrass storad in tha JQINST Scratchpad ragistar 
to jump diractly to tha routina rasponsibla for procassing tha 
display fila. Thara is ona such routina for aaci Graphic Moda 
instruction. 

Upon initialization* tha JOINST ragistar is loadad with tha 
addrass of tha Charactar Moda routina. Howavar* as procassing 
prograssas* othar graphic moda instructions ara fatchad and causa 
JGINST to ba updatad to point to tha naw instruction procassing 
routina. 

From Radispatch* tha appropriata Graphic Moda routina is antarad. 
Tha Graphic Moda routina first calls tha FNEXT subroutina to 
fatch tha naxt word from tha display fila* using tha contants of 
DPC as tha virtual addrass. Bafora a fatch is bagun* howavar* 
tha FNEXT routina tasts for an Extarnal Stop condition or a 
Joystick Switch intarrupt. If aithar of thasf ara prasant* 
display procassing halts and tha program returns to tha Idla Loop 
via a Stop saquanca* whara interrupts mrm posted. 

Assuming that no stopping condition was detected* FNEXT retrieves 
a word from memory by calling the FETCH utility subroutine. The 
word is then tested. If bit 19 is zero (0)* the word is a 
Graphic Mode data word* so a return to the caller is made. If 
bit 15 of the memory word is one <1)* the word is interpreted as 
an instruction. 

When an instruction word is fetched* the Op-Code is decoded to 
determine if it is a Graphic Mode instruction or a Control or 
Special instruction. If it is a Graphic Mode instruction, the 
JGINST register is updated and then used as a dispatch address to 
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th« nvw Oraphic Mod* routin*. If th» instruction it m Control or 
Special instruction^ JCINST i» not iiiodifi»d# but m dispatch 
addrasi is formtd (by manipulating tha Op-Coda bits) and tht 
appropriate proctsiing routina is antarad. Aftar tha Control or 
Bpacial instruction is axacutad/ control returns to tha currant 
Graphic Moda routina via Radispatch. An exception to this is if 
the Control instruction was a STATUS A which specified a Stop* in 
which case the processor returns to the Idle Loop via the Stop 
sequence. 



4.4.7 Utility Subroutines 

The microprogram contains a large number of subroutines called 
from typically many places in the main body of microcode. There 
are routines to rotate bits within registers* write data into tha 
registers in the Image Memories and Sync Generator/Cursor Control 
modules* perform DMA cycles to fetch or store data into host CPU 
memory; manipulate the Memory Management registers.- writ* pixels 
into Image Memory* draw vectors* and perform various housekeeping 
tasks. 
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LSin BUS 
INIT 



CJnJj^ 



ERROR 
STOP 



INITIALIZATION 
& SELF-TEST 



ERROR 



SET ERROR 
CODE 



-»^ 



Qtop) 



POST 

INTERRUPT 
REQUEST 
(IF REQ'D) 



IDLE-STOP 
(SYNCHRONIZE 
WITH LSI-11 BUS) 



IDLE-LOOP 

(WAIT FOR DEVICE REGISTER 

ACCESS OR INTERRUPT GRANT) 



INTERRUPT 



DATA OUT 



DATA IN 



GATE INTERRUPT 
VECTOR ONTO 
LSI-11 BUS 



TAKE DATA FROM 
LSI-11 BUS INTO 
HOLDING REGISTER 





READ DATA 
FROM DPC, DSR, 
DXR, OR DYR 
ONTO LSI-11 BUS 



^k 



DPC 



DXR 



DYR 



DSR 



PERFORM START OR 
RESUME SEQUENCE 
IF START, WRITE 
DATA INTO DPC 



PERFORM PIXRL READBACK. 
MEMORY STATUS WRITE, 
OR JOYSTICK WRITE 




WRITE DATA INTO 
SELECTED INTERNAL 
REGISTER 



Figure 4-13 
MicroprogrsBS Dv»ryi»»i» <Sh»9t 1 of 2) 
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JUMP TO CURRENT 
GRAPHIC-MODE PROCESS 
VIA STORED 
DISPATCH ADDRESS 



a 



GRAPHIC-MODE PROCESS 
(POINT. VECTOR, ETC.) 



CALL FETCH-NEXT ROUTINE 
RETURN IF DATA 



PROCESS GRAPHIC DATA 
(DRAW POINT. VECTOR, ETC. 




UTILITY 
SUBROUTINES 

(CALL FROM VARIOUS 
PLACES THROUGHOUT 
THE MICROPROGRAM) 




-STOP 
I 
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Figure 4-13 
Microprogram Overview <Sheet 2 of 2) 
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CHAPTER 5 
117062 IMAGE MEMORY TECHNICAL DESCRIPTION 



5. 1 INTRODUCTION 

The M7062 Image Mtmory module (M70&2/ contains thirty-tuio i6K X 
l~bit Random Access Memories (RAMs) for storing data to be 
displayed on the video screen. Up to 16 colors of redi green* 
and blue combinations* or 16 shades of grey (intensity levels)* 
can be stored in memory. The M7062 is the memory module for the 
VSVll/VSll Graphic System. The M7062 receives its timing from 
the Sync Generator/Cursor Control module (M7061) via the 
backplane Video Bus (VBUS) and it receives data from the Display 
Processor (M7064) via the daisy-chained Data Bus (DBUS) cable. 
When requested* the data stored in the M7062 is sent to the 
digital~to-analog circuits (DACs) in the Sync Generator module to 
provide the composite video out. 



5.2 GENERAL DESCRIPTION 

The Ii7062 memory resembles a Cartesian coordinate system* that 
isi video data is stored in a specific X~Y address. Data is 
normally being read out of memory as the display scan proceeds 
across the video screen. Horizontal and Vertical counters keep 
track of the scan position (address). These counters receive 
their clock and load signals from the Sync Generator module* as 
shoun in Figure 5-1. The horizontal and vertical position of the 
scan is presented to the Read/Urite Multiplexer which presents 
this address to the memory. The data in memory at that address 
is loaded into a Shift Register* then into a latch* to become 
video data out. 

The load register signals* the uirite request* and data are 
received from the Display Processor via the Data Bus (DBUS). 
This bus is a 40-conductor ribbon cable that connects to the Berg 
connector on each M7062 module in the system. The D Select 
Multiplexer decodes the load register signals from the Display 
Processor. One of these load signals is used to select the mode. 
The modes used most often enable the uirite logic (Mode W* 
allouiing the Display Processor to uirite into the memory) and/or 
the read logic (Mode R* causing the data stored in memory to be 
read out to the monitor via the DAC on the M7061 module). 



LOAD/SHIFT 



RAM 
DATA OUT 



SHIFT REG. mZZZ^TZZ^ J 



TO SYNC 
■VIDEO DATA GENERATOR 
MODULE 




FROM SYNC GENERATOR MODULE 



FROM DISPLAY PROCESSOR MODULE 



Figure 5-1 
M7062 Image Memory Block Diagram 
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When a uirite to memory is desiredi the data <color/intensi ty ) i» 
loaded into the Data Latch. This can be data for a point* series 
of points (vector}i graph* histogram* etc. The address is then 
loaded into the X and Y Registers. This can be done at any time 
as the data is not written into memory until a WRITE signal comes 
from the Display Processor. The signal* in conjunction uiith a 
Write Sync condition* allows a uirite pulse to the Write ROMs. 
The Horizontal and Vertical Counters are disabled at this time* 
and the address information comes from the X and Y Registers. 
When the WRITE signal is removed by the Display Processor* the 
Read/Write Multiplexer once again gets its address information 
from the Horizontal and Vertical Counters. 

The Control ROM is the main timing generator uiithin the M7062. 
It uses the system clock from the Sync Generator module and the 
three least-significant bits from the Horizontal Counter as 8 
time states to create the timing signals. One of its outputs is 
a SYNC pulse to synchronize a write to memory from the Display 
Processor. The Control ROM also controls the Read/Write 
Multiplexer* the Write ROM* and the Shift Registers. 

The M7062 has the follouiing configuration considerations iv^fer 
to Chapter 2 for configuration and setup details): 

- Each M7062 is switch selectable as a 512 X 512 X 2 

Interlaced memory* or a 512 X 256 X 4 Non-Interlaced memory. 

- Each M7062 accepts either 2 or 4 of 8 switch selectable data 
input lines from the Data Bus (D BUS <09:02>). 

- Each M7062 transmits either 2 or 4 video data bits to the 
DACs in the Sync Generator module selecting from eight video 
output data lines to the Video Bus <V DATA <7:0>). 

- Up to four M70625* configured in two groups of 4-bit 
memories* can be installed in a dynamic configuration using 
one Sync Generator module. 

- All M7062 modules must be configured as either Interlaced or 
Non-Interlaced to match the configuration of the Sync 
Generator module. 



5. 3 SYSTEM CLOCK 

The system clock for the M7062 is generated by the M7061 Sync 
Generator module. This is a 12.6 MHz clock <B CLK) from the 
Video Bus* as shown in Figure 5-i. B CLK L is received from the 
Video Bus and inverted to SYS CLK H for the M7062. This clock is 
directly or indirectly used by the Horizontal Counter* the RAM 
memories* Shift Registers* and the Video Output Latch. With this 
clock* video is displayed for all 512 horizontal locations in 
memory* as shown in Figure 5-2. 
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60 HZ: (0,239) 
50 HZ: (0,255) - 




SYSTEM CLOCK (B CLK) 
LIMITED BY HORIZ COUNTER 



Figure '5-2 
Vieuiabl* Area of Video Screen 



5.4 HORIZONTAL AND VERTICAL COUNTERS 

The Horizontal and Vertical Count'^rs keep track of the X and Y 
address of the video scan. The Vertical Counter is loaded by the 
V BLANK L signal from the Sync Generator module. At 60 Hz this 
counter is loaded to 240. At liO Hz it is loaded to zeroi this 
represents a count of 256. The Vertical Counter counts down from 
these values after each scan yhen H BLANK L goes high. 

SYS CLK H (Figure 5-3) synchronizes the H BLANK L signal and 
provides a CLEAR signals at the same time« to the Horizontal 
Counter. The Horizontal Count-vr counts up with each SYS CLK H 
pulse. 

D liEH CLK Li from the H7064 Display Processor^ is clocked into 
the HO bit of the Horizontal Counter with SYS CLK H signal to 
ensure that the }i7062 and the M7064 are in phase before starting 
to count. 



The C OUT X (Carry Out of X] signal disables reading out of 
memory after the Horizontal Counter counts up to 512. The CLR X 
L signal clears this conditim and allows reading from memory 
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after the Horizontal Counter has been reset to zero. 

The three least significant bits of the Horizontal Counter mv 
sent to the Control ROM to generate 8 time states within the RQM. 
The remainder of the outputs from the Horizontal and Vertical 
Counters are sent to the Read/Write Multiplexer* as address 
information* while reading from memory. 

During a memory clear operation* the Horizontal and Vertical 
Counters mrtf used to access all memory locations so they can be 
cleared to zero or some other data value. Only active screen 
lines mv cleared by the CLR function. 



60 HZH 
(50 HZ L) 
(DM1, DM2) 



FROM 

SYNC GENERATOR 

MODULE 
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DISPLAY DMEMCLKL 

PROCESSOR 
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STOP LOGIC ^'-^ ^ *- 




TO READ/WRITE 

Mill TlPi pyPR 



TO VIDEO 
STOP LOGIC 



TO READ/WRITE 
MULTIPLEXER 



TO CONTROL ROM 
(8 TIME STATES) 



Figure 5-3 
Horizontal and Vertical Counters 
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5. 5 READ/WRITE MULTIPLEXER 

Tha R«ad/Urit« Multipl«x*r takt* th» horizontal and vartical 
addriift information and alttrnataly trantf»r» this information to 
tha RAM mamorias. As illuitratad in Figura 5~4« aach multiplaiar 
has a "talact (SEL)" input and an "output anabla (OE)** input. 
Tha row or column salact signal altarnataly salacts tha X ADDRESS 
"B" than tha Y ADDRESS '*A" inputsi that isi tha HORIZONTAL 
ADDRESS "B" than tha VERTICAL ADDRESS "A". Tha output anabla 
signal* ENABLE READ L« salacts which multiplaxar is in oparation. 
During a raad* tha RAM addrass is racaivad from tha Horizontal 
and Vartical Countarsi during a writa* from tha X and Y 
Rvgistars. Tha output addrass* RAM AO — RAM A6* is sant diractly 
to tha RAM memorias. 
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Figura 5-4 
Read/Urita Multiplaxar 
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9. 6 RAS AND CAS MEMORY ADDRESS 

Row Addrvsi Strobe (RAS) and Column Addr»s» Strobt <CAS) ar* two 
•nabla pultat to altarnataly clock tha row and column addrats of 
thff vidao ican position into mamory. During a raad oparation* 
thift addratft comas from tha Horizontal and Vartical Countarii 
during a writa oparation* from tha X and Y Ragistara. Tha 
aourcaa of tha RAS and CAS addrasaas ^r^ at ahown in Figura 5-5. 
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Figura 5-5 
RAS and CAS Mamory Addrass 



5-7 



5. 7 MEMORY AND SHIFT REGISTER 

Th» M7062 rnvmory contists of thirty-tuio 16K X 1-bit Random Acctss 
Memory <RAM) int*gr«t»d circuits m% »hou»n in Figur* 5-6. Th» 
memory i% suiitch stltctabl* m% vithtr 512 X 256 X 4 bits or 512 X 
2 bit*. Each memory chip u%m% the RAM ADDRESS lines and the RA8 
(row) and CAS (column) address strobe inputs. Each memory chip 
has its ouin utrite input. The memory datai RAM DATA IN« supplied 
by the Data Latch* represents up to 16 possible combinations of 
color or intensity levels. 

As the memory is accessed by the row and column address* the data 
in memory is presented to one of eight parallel inputs to a Shift 
Register. When the LOAD/SHIFT input is loui« the data is loaded 
into the shift register and uihen high* the data is shifted by the 
B CLK LATCH pulse uihich is a function of the SYS CLK. It takes 
eight clock pulses to completely shift out the data from the 8 
parallel RAMs. 
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Figure 5-6 
Memory and Shift Register 
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5. 8 VIDEO DATA OUT 

The 6mtm from the four memory Shift Registers (RAM DATA OUT) it 
clocked into a latch. This data goes throijgh a switch pack to 
the Video Bus« as shown in Figure 5-7. These switches set up the 
number of bits deep of memory (either 2 or 4) for Interlaced or 
Non-Interlaced mode. They also determine which data lines mvw 
selected as inputs to the DACs in the Sync Generator module. 
Refer to Chapter 2 for the configuration of these switches to 
enable the desired output. 

During Interlaced mode^ the signal OUT HI BYTE H (from the 
Interlace ROM) is low for half the system clock time* disabling 
the upper two data bits. When this happens* the signal OUT LO 
BYTE H is high and enables the lower two data bits from memory to 
be placed on the Video Bus. When the signals change state* the 
upper two data bits from memory avtf enabled and av placed on the 
same V DATA lines of the Video Bus. 
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Figure 5-7 
Video Data Out 
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During Non-Interlaced inod»> the signals OUT HI BYTE H and OUT LO 
BYTE H mrti aluiays high< enabling data onto four V DATA lines of 
the Video Bus. 

Video output is disabled during video blank time or after the 
Horizontal Counter has reached a count of 512 creating the C OUT 
X L signal. The video output is also disabled during D CLR L 
(from a Clear instruction). 



5. 9 DATA BUS <DBUS) 

The H7062 receives its display data and control signals via the 
Data Bus. This bus is a 40-conductor ribbon cable connected from 
the Display Processor module> to each Memory module and each Sync 
Generator module. Signals on this bus include the following: 

1. D BUS data lines <i2 lines): X» Y image coordinate 
addressi data for uiriting into memory; and mode select 
or status information (D BUS <11:00>). 

2. Data Select lines (4 lines): D SEL <03: 00> provide up 
to 16 binary coded signals for controlling data 
transfers and loading the registers. 

3. Write Control lines <2 lines): Lines tr control the 
timing of data transfers across the Data Bus (B SYNC L 
from the M7062 and D WRITE H to the H7062). 

4. Clear line <1 line): D CLR L clears all uirite-enabled 
M7062 modules installi/d on the bus. 

5. Pixel Read-back lines (2 lines): These lines control 
reading data back from memory <to the Display Processor) 
at specific pixel locations (D RQST DATA L and DATA 
AVAIL L). 

6. Cursor Interrupt lines (2 lines): A Joystick Suiitch 
interrupt and a Cursor Match interrupt* these lines are 
not used by the M70o2. 

The M7062 uses 3-state drivers to drive B RAM DATA 03-00 onto the 
Data Bus to return requested data back to the Display Processor 
during pixel readback. 
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5.10 D SELECT MULTIPLEXER (DECODER) 



The seltct inp 
01« and 02i 
shouin in Figur 
enable signal 
are mutually e 
Display Proce 
enable data to 
and Y Addres 
(STATUS BA) Lo 
by the correc 
and 12. 



ut signals from the Display Processor^ D 8EL OOi 
avB decoded by a 3-line-to~B~line Multiplexeri as 
e 5-8. The signals D SEL 03 and D PULSE 00 mr^ 
s. The multiplexer outputs* listed in Table 5-l# 
xclusive. Only one output is enabled when the 
ssor issues the D PULSE 00 L signal. These outputs 
be loaded from the Display Processor into the X 
s Registers* the Data Latch* or the Mode Select 
gic. The LOAD STATUS BA function must be enabled 
t memory channel address* appearing on DBUS bits 11 



SELECT 
INPUTS 
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INPUTS 



The SWITCH L signal allouis read/uirite switch selection between 
memory channels for implementing dynamic (moving) displays. This 
signal facilitates handling a read from one M7062 memory while 
altering data in another M7062. Upon the command SWITCH* the 
role of each memory is interchanged* and video data is taken from 
the memory with the new data. 
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Figure 5-8 
D Select Multiplexer (Decoder) 
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T«blt 5-1 
D S»l*ct Multiplvxtr Function! 
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5. 11 DATA LATCH 

When a write to memory is desired* data is loaded into the Data 
Latch* shouin in Figure 5-9. This data comes from the Display 
Processor via the Data Bus. Depending on whether the M7062 is 
set up for an Interlaced or a Non-interlaced mode* this data may 
be either 2 or 4 bits and may represent up to 16 colors or 
intensity variations. The switch pack is set to accept the 
desired Data Bus lines in the selected mode. Refer to Chapter 2 
for proper switch selection. 

The data may be loaded into this latch at any time. It is held 
here until another LOAD DATA pulse comes along. The data may 
also stay in the Data Latch for a series of "X* Y" locations 
which may represent a vector* shading a graph* or clearing the 
memory to a specific data value (or color). 

The signal CLR H will clear all M7062 modules that av write 
enabled. It will force all zeros into memory as long as D BUS 05 
is high. If D BUS 05 is low* CLR H will clear all memory to the 
data stored in the Data Latch* this may be one specific color* 
such as green* or one intensity. The Display Processor will 
generate a clear sequence during its initializing routine after 
setting all M7C62 modules to the write mode. Refer to Paraoraoh 
5. 16. 
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5. 12 X AND Y REGISTERS 

Th« addrvftt for th« data to b* uirittvn into mtmory i% loadvd into 
th« X and Y Rvgisttrs* shouin in Figur* 5-10. Th« addras* i% 
loaded with a loui-to-high transition of tha LOAD X« or LOAD Y# 
pulfta from tha D-Salact Multiplaxar. This addrass is praianttd 
to tha Raad/Writa Hultiplaxar/ but it is only anablad to mamory 
during a uirita cycla. 

Addrass linas in axcass of tha viauiabla arwm of tha vidao scraan 
are sent to an edge detector to prevent uiraparoundi for axamplei 
if the Display Processor is calculating the vectors of the 
triangle shoun in Figure 5'lla> the upper portion of the triangle 
mould not be displayed* since they u^ould appear as extraneous 
lines on the video screen* as in Figure 5-llb. 
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Figure 5-10 
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DISPLAY PROCESSOR MEMORY ADDRESS RANGE 
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Figure 5-11 
Edg» Detffctor Operation 
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5. 13 WRITE ROM 

Th* louivr 3 bits of th« X R«giftt»r mv th* addresB input bit* of 
•ach Writs ROM« m% thouin in Figure 9-12. Thvt* 3 bits stlvct on* 
of ffight memory RAMt in sach of four groups of memory chips. Th» 
Intarlaca ROM detects if the Sync Generator module is in 
Interlaced or Non-Interlaced mode. During Non-Interlaced modei 
all four Write ROMs are strobed at the same time by the signal WR 
PULSE Li for example: 

WROO* WROe* WR16. and WR24 are enabled (loui) if XO. Xl« 
and X2 equal zero. 
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Figure 5-12 
Write ROM 
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During Interlactd mode# only two Write ROMs art strobed at a 
time. Selection is controlled by the least-significant bit of 
the Y Register <Y0). When YO is louii the louier two Write ROMs 
mr9 strobed; when YO is highi the upper tuio ROMs 9T9 strobed; 
for example: 

With XO. XI and X2 equal to 0. WROO and WR08 are enabled 
when YO* is low; WR16 and WR24 are enabled when YO is 
high. 

The clear signal* CLR H* will force a low write pulse from each 
write output* WROO through WR31i to clear the memory to all zeros 
<or to the data in the Data Latch* as explained in Paragraph 
5.11). As the Read/Write Multiplexer addresses the memory* it is 
cleared by writing zeros (or a specific data value) into each 
memory location. 

The output of the Write ROM can be disabled if a zero is being 
written under the control of the 18 ONLY H signal. This signal 
is enabled by the Mode Select (STATUS BA) logic. With IS ONLY H 
present* a NAND gate at each Write ROM monitors the data in the 
Data Latch to be written into memory. If the data bit is a one* 
the Write ROM to that location in memory is enabled. If the data 
bit is a zero* the Write ROM is disabled* and the write pulse 
does not allow that zero to be written into memory; the data in 
memory at that location will remain unchanged. 

When drawing lines on the video screen with different 
intensities* this allows the line with the higher intensity to be 
dominant. Without enabling IS ONLY H* a line of lower intensity 
drawn over a line of higher intensity will cause an apparent 
break in the high intensity line at the crossover point. 
Examples with IS ONLY H enabled follow: 



Iiitrrisity of Intensity of Intensity at 





Ist line 


2nd line 


Crossover Point 


Example 1: 


0001 


0111 


0111 


Example 2: 


0101 


Olio 


0111 



5. 14 WRITE SYNCHRONIZATION LOGIC 

For a memory write* MODE W is enabled from the Mode Select Logic. 
The Display Processor issues a D WRITE H signal to the M7062 and 
waits for a synchronization signal (B SYNC L) before sending X 
and Y data to the memory as shown in Figure 5-13. 

Both Mode W (write) and Mode R (read) can be enabled at the same 
time. Memory is then written only during retrace time. When 
both modes are enabled* writing is controlled by ENA WRITE L from 
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th* Vidffo Stop logic. At th« Horizontal Countvr incr«m»ntft< data 
is rtad from mamoru* ENA WRITE L is high* and B SYNC L is 
disabled. No writing occurs at this tima. Aftar tha row of data 
has b»an raadi ENA WRITE L gots lowi B SYNC L rtachas tha Display 
Procrssor* and writing occurs during ratraca tima. 

Evary 30 linas tha mamory is rafrashad by tha REFRESH L signal 
from tha Sync Ganarator modula. This signal is ignorad whila 
lioda R is anablad« sinca raading tha dynamic RAHs at tha vidao 
frama rata also rafrashas tham; howavar# rafrash is nacassary 
whila lioda R is zaro (i.a. i whila the mamory is in Writa-Only or 
Protect mode) to keep from losing data. 
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Figure 5-13 
Write Synchronization Logic 
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The Refresh signal is held low for two line timesi during which 
the M7062 completes its operation on the current linet then 
memory is refreshed. B SYNC L is disabled during refresh time so 
the Display Processor stops sending data while the memory is 
being refreshed. 

The synchronization signal need be enabled on only one M7062 in 
each memory channel. Jumper W2 can be removed from all other 
M7062 modules used in that channel. B SYNC is issued only during 
states four and five of the eight state memory timing cycle 
(Paragraph 5. 17). 



5. 15 VIDEO STOP LOGIC 

When the Horizontal Counter reaches a count of 512« it provides 
the C OUT X L signal that sets the Horizontal Detect flip-flop 
(Figure 5-14). This is clocked into the Video Stop latchi which 
disables the video output gates. Likewise; the Clear instruction 
from the Display Processor (D CLR L) disables the video output 
while clearing the memory. This operation is synchronized by the 
D REQ DATA LAT H signpl from the Control ROM circuit. 

When the video output is disabled* ENA WRITE L allows writing 
into memory during retrace time when both the Read and Write 
modes aT9 enabled at the same time. This eliminates disruption 
of data on the screen. 

When the negation of H BLANK L resets the Stop and Clear 
flip-flops* CLR X (1) clears the Horizontal Detect flip-flop to 
allow video output. 

MEM STOP L synchronizes the Control ROM so that the current read 
or write operation is finished before clearing the RAMs. 

CLR X L is used to reset the Horizontal Counters and clock the 
Vertical Counters. 



5. 16 MODE SELECT LOGIC (LOAD STATUS BA) 

DBUS Data bits 11 and 10 determine if the signal LOAD STATUS BA L 
will be enabled on this M7062 module. Up to four M7062 modules 
aT9 address selectable in a VSVll/VSll Graphics System by using 
jumpers* as shown in Figure 5-15. The state of D BUS 11 and D 
BUS 10 determine the channel selected; refer to Chapter 2 for 
channel selection. 
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Figure 5-14 
Video Stop Logic 



D BUS 07 should be set to zero. This allouis LOAD STATUS BA L 
load the Mode Select logic with D BUS 00 through 05. 



to 



D BUS 01 H and D BUS 02 H are used to load the IS ONLY H signali 
uihich allouis uiriting only ones into memory. This signal is used 
by the uirite logic to draw lines of variable intensity over one 
another without leaving an apparent gap in either line <Paragraph 
5. 13). 
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D BUS 03 H is used to enabl* the SWITCH L signal (from the D 
Select Multiplexer) to toggle two memory sets between Write and 
Read modes to obtain dynamics. 

D BUS 04 H is used to set Mode U» the "write into memory" mode. 

D BUS 05 H sets Mode R* the "display memory" (read) mode. 



NOTE 

Status bits 04 and 05 must be 
cleared on the M7062 to 
write-protect the memory data. 
During the Display Processor's 
initializing routine^ all memory 
channels art set to write mode and 
cleared with the C CLR L signal. 
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Figure 5-15 
Mode Select Logic 
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5. 17 CONTROL ROM AND TIMINC 

Th» Control ROM« « 256 X 8-bit Read Only Memory^ and itt 
associated latch form the main timing controller for the M7062. 
Each input> shown in Figure 5-16* and its function is described 
below: 

1. H0« Hi# H2: These three signals^ the lower 3 bits of 
the Horizontal Counter* arm used to generate 8 time 
states within this ROM. 

2. W<H>: This is the write signal formed by D WRITE H from 
the Display Processor and enabled by the write mode* 
Mode W. It synchronizes the memory to the Display 
Processor* generates the output WRITE PULSE H> and 
allows the ROM to switch to the X and Y Registers for 
address information. 

3. C(H): The signal D CLR L from the Display Processor* 
when enabled by the write mode* creates the C(H> signal 
to the Control ROM. This enables the WRITE PULSE L and 
uses the Horizontal and Vertical Counters to quickly 
clear the memory. 

4. MODE R (1) H: This is the read mode that generates the 
ENA READ L signal to the Read/Write Multiplexer and 
provides the LOAD L/SHIFT H signals to '■ )« RAM Memory 
Shift Registers. If not enabled* only zeros will be 
shifted out of the shift registers. 



D REQ 
DATA LAT H 



FROM DISPLAY PROCESSOR 

FROM SYNC GENERATOR 
FROM MODE SELECT LOGIC M0DE1(1)H 



REFRESH H 



FROM DISPLAY PROCESSOR C (H) 



FROM WRITE LOGIC w (H) 



FROM 
HORIZ 
COUNTER 



H2 



HI 



HO 



256 X 8 

ROM 



IT 



8B'T 
DATA 
LATCH 



H 



SYSCLK H 



RAS DATA/CAS DATA 



CLK TST I. 



ENA D COUNT H 



WRITE PU'.SE H 



ENA READ L 



LOAD L/SHIFT H 



CAS 



RAS 



TO R/W MUX 



■^ TO POM INPUT REGISTER 
-♦TO PIXEL READ LOGIC 
■♦TO MEM WRITE ROM 
♦ TO R/W MUX 



—••TO MEM SHIFT REG 
— ♦ TO MEMORY RAMs 
— » TO MEMORY RAMs 



Figure 5-16 
Control ROM 
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5. REFRESH H: This signal from the Sync O*n*rator niodult 
ii 9»n«rat*d for evsry 30 linvs to rvfrvsh th* mvmory. 
Th* refresh signal is hsld for two lin* tiinas« during 
which writing on th* current line is complattd btfort 
the entire memorg is refreshed. 

6. D REQ DATA: This is a pixel read back request signal 
from the Display Processor to request data from a 
specific memory location (addressed by the X and Y 
Registers). For example^ it is used in diagnostics to 
compare data in memory to an expected value. 

The timing diagram for the output signals from the Control ROM is 

shown in Figure 5-17. These signals and their functions mrt as 
f ol lows: 
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Figure 5-17 
Control ROM Timing Diagram 
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RAS and CAS: Row Address Strobe and Column Address 
Strobe av used to load the address information from the 
Read/Urite Multiplexer into the RAMs. 
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LOAD L/SHIFT H: This signal loads parallel d. 
memory RAMs into th» shift rtgist»r« then it 
video data out with 8 clock pulses. 



ita from 8 
shifts the 



ENA READ L: When present this signal enables the 
Read/Write Multiplexer to get address information from 
the Horizontal and Vertical Counters. When disabled* 
the multiplexer gets address information from the X and 
Y Registers. 

WRITE PULSE H: This is a timed strobe that is used to 
enable input to the Write ROM. This signal is gated by 
EDGE L in the Write ROM enabling circuits if the Display 
Processor is calculating data outside the video display 
area (Paragraph 5. 12). 



ENA D COUNT H: This 
read data stored 
Processor. 



is a pixel read-back signal used to 
in memory back to the Display 



6. CLK TST L: This signal synchronizes any changes to the 
Control ROM by enabling the clock input of the ROM input 
register. 

7. RAS DATA/CAS DATA: This signal controls the Read/Write 
Multiplexer. It alternately selects horizontal) then 
vertical* data during a read mode; or t selects X 
data* then Y data* during a uirite mode. 

The B SYNC L signal sent to the Display Processor is a function 
of the H2 and HI Horizontal Counter bits. The B SYNC L signal is 
issued only during time states four and five. The signal allows 
the Display Processor to synchronize uiith the memory timing so 
that a new X address is sent during time states zero and one. A 
new Y address is sent during time states two and three. If new 
Pixel Data is required* it is sent during time states four and 
five. 



5. 18 PIXEL READ-BACK LOGIC 



The M7062 has a 



pixel read-back 



mode that allows 



the Display 
Processor to read a specific location from memory in the M7062. 
It first loads a coordinate position into the X and Y Registers* 
then it sends the D REQ Data L and the D WRITE H signals. The 
WRITE pulse synchronizes the position* D REQ DATA L indicates to 
the M7062 not to write data* but rather read data from that 
position back to the Display Processor. Pixel Readback is 
enabled by Mode W (i.e.* the memory must be in Write-Only or 
Read/Write mode). 



= _ ^w ■» 



I AT 



The Control ROM in the M7062 then enaoies 

signal to strobe the lower 3 positions of the X Register into a 

down-counter as shown in Figure 5-18. When this counter gets to 



5-24 



the desirtd location (1 of 8 memory chips)i 
high. This is the data input to the clock 
latch on the next system clock pulse. 



its borroui input goes 
latch and sets the 



The output of the clock latch also drives the DATA AVAIL L signal 
back to the Display Processor to indicate that the data it was 
seeking is noui available on the Data Bus. Tuio pair of drivers 
arc enabledi one with the Interlace ROM control signal QUT LO 
BYTE H. and the other with OUT HI BYTE H. These drivers send B 
RAH Data — 3 back down the Data Bus to the Display Processor. 



The cycle ends when the Display Processor 
signal and the D REQ DATA L signal. 



withdraws the WRITE 
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Figure 5-18 
Pixel Read-Back Logic 
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CHAPTER 6 
M70A1 SYNC GENERATOR/CURSOR CONTROL TECHNICAL DESCRIPTION 



6. 1 INTRODUCTION 

The n706i Sync Generator/Cursor Control module synchronizes 
VSVll/VSll system operations/ provides digital-to-analog 
conversion <DAC) for data displayed on the system monitor* and 
contains cursor control circuits for the generation and placement 
of crosshairs (cursor) on the system monitor. The cursor control 
circuits operate with the H3060 Joystick* supplied ujith 
VSVil/VSll systems. 



6.2 GENERAL DESCRIPTION 

A block diagram of the M7061 is shown in Figure 6-1. The Sync 
Generator circuits produce EIA RS-170 standard waveforms which 
may be selected to a 50 Hz or a 60 Hz frame rate and to 
Interlaced or Non-Interlaced scans. The blanking and sync 
signals from the Sync Generator circuits are applied to the 
backplane Video Bus to synchronize the display system. These 
signals are enabled to the backplane on only one M7061 per 
VSVll/VSll subsystem. 

The DAC and Sync Stripper circuits perform in two modes: stand 
alone mode and slave mode. During stand alone operation (sync is 
generated internal to the M7061 ) • four bits of data are received 
from the Image Memory via the Video Bus along with a composite 
sync (COMP SYNC) signal. The data and composite sync are applied 
to a DAC where they are combined and converted into a composite 
video signal. The composite video signal can be applied to a 
black and white composite video CRT monitor (COMPOSITE VIDEO 
OUT). Since the DAC is a four bit DAC* 16 intensity levels 
(levels of gray) can be displayed. Alternately* the output of 
the DAC can drive a Red-Green-Blue (RGB) color CRT monitor where 
the Green output (COMPOSITE VIDEO OUT) supplies the sync for the 
color monitor. Data input to the DAC is gated by the Blink logic 
to allow for "blinking" (flashing off and on) of selected pixels 
on the screen. 
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Figur* 6-1 
M7061 Basic Block Diagram 
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During slave operation (the M7061 is receiving sync and video 
information from another source^ such as a VT100)# a composite 
video RS-170 signal is received by the DAC and Sync Stripper 
circuits. The Sync Stripper removes the sync pulses from the 
composite video signal and applies them« as external composite 
sync <EXT COMP SYNC), to the Horizontal and Vertical Sync 
circuits to lock the horizontal and vertical scans. Meanwhile, 
the video portion of the composite video signal is applied to a 
video mixer where video data from the Video Bus can be added to 
the video on the incoming RS-170 signal. This mixing action 
produces a neui composite video signal which can be applied to a 
composite video monitor. The composite video monitor is normally 
a VTIOO. The composite video signal is also applied to the Green 
input of a composite video color monitor, such as the VRV02. 

The Horizontal Sync and VCO circuits operate in two modes: 
internal and external. In the internal mode a 25. 1746 MHz 
crystal oscillator supplies the clock signal which is divided by 
20 to produce SAMPLE, CLK, CLK LATCH, and CNT DUN (count down). 
These arm used for timing reference throughout the Sync 
Generator. In external mode, the EXT COMP SYNC signal is 
composed of sync pulses which the Sync Stripper removed from the 
incoming RS-170 composite video signal from an external source. 
These aT9 phase compared to the internally generated COMP SYNC 
signal from the Sync Generator circuits. The output of the Phase 
Detector drives a voltage controlled oscillator (VCO). If the 
two COMP SYNC signals are in phase the output frequency of the 
VCO remains constant. If the signals are not in phase, the VCO 
frequency changes the clock rate to the Sync Generator circuits 
and thus changes the internal COMP SYNC rate. When the EXT COMP 
SYNC and the internal COMP SYNC signals mv in phase, the Sync 
Generator is phased-locked to the external source. 

The Vertical Sync circuits synchronize vertical counters to the 
incoming RS-170 EXT COMP SYNC when operating in the external 
(VTIOO) mode. This is accomplished by comparing the EXT COMP 
SYNC and the 2N0 HALF LINE signal from the Sync Generator, and 
the internal COMP SYNC and samples generated within the Vertical 
Sync circuits. If the signals do not match, GATE DUN causes the 
Vertical Counters to count down until a match occurs. When a 
match does occur, the Vertical Counters are sync-locked to the 
external source. 

The Cursor Control circuits produce the crosshairs (cursor) for 
display on the system monitor, and generate the Joystick Switch 
and Cursor Match interrupts when enabled with the Joystick Status 
instruction (Chapter 3). When the Joystick is connected, 
joystick positioning voltages (X IN and Y IN) av applied to the 
Cursor Control circuits. The analog X IN and Y IN control the X 
and Y cursor positions by counting the position values up or down 
depending on the polarity and magnitude of the input voltages. 
The X and Y positions are processed and applied as joystick video 
data (JSV DATA) to the DAC circuits for display on the system 
monitor as crosshairs representing the joystick position. It 
should be noted that the joystick used with the Sync Generator is 
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a r«tt-typ« joystick. That isi small movamants of tha joystick 
produca small movamants of tha crosshairs. Larga joystick 
movamants causa tha crosshairs to mova rapidly on tha systam 
monitor. Tha X and Y joystick position ragistars can also ba 
uirittan by tha Display Procassor* allowing softuiara programs to 
mova tha cursor. 

Tufo typas of Display Procassor intarrupts can ba ganaratrd from 
tha joystick via tha Cursor Control circuits. Tha first is tha 
Joystick Switch intarrupt and tha sacond is tha Cursor Match 
intarrupt. Tha Joystick Switch intarrupt occurs whanavar tha 
joystick pushbutton is prassad* providad tha Switch Intarrupt and 
Switch Intarrupt Enabla bits wara issuad by tha Joystick Status 
instruction. Tha hatch Intarrupt occurs whan tha cursor position 
"matches" an Image Memory pixel location which is being written 
by the Display Processor. The Image Memory pixel location is 
supplied by the Display Processor (D BUS <li:00>) and compared to 
the joystick position. Joystick Status instruction Match 
Interrupt Enable and Match Interrupt bits must be set to enabla 
the Cursor Match interrupt. When either tha Switch interrupt or 
the Match interrupt is generated^ the X~ and Y- position of tha 
joystick is transfered to the DXR and DYR status registers of the 
Display Processor. The effect of the external joystick switch 
being pressed can also be simulated by the Display Procassor* 
which can set a bit in tha Cursor Control curcuit* this bit is 
ORed with the external Switch input so that either signal can 
cause an interrupt. 



h. 3 FUNCTIONAL DESCRIPTION 

The paragraphs which follow contain a functional description of 
the major Sync Generator/Cursor Control functions. Each function 
introduced in Figure 6—1 is expanded and supported with a 
detailed block diagram. Additionally* tha -t-S Vdc to -5 Vdc 
Converter and the Video Bus are discussed. These »T9 not shown 
in Figure 6-1. As a prelude< a discussion on raster scanning 
techniques is provided. 



6. 3. i Scanning Techniques 

In addition to providing synchronizing signals to the Image 
Memory and the Display Processor modules* the Sync Generator 
supplies a composite video signal to a composite video CRT 
monitor. The composite video signal contains vertical and 
horizontal sync pulses to control the vertical and horizontal 
scans of the CRT monitor. The M706i is used with composite video 
CRT monitors with either Non-Interlaced or Interlaced scans. 
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6. 3. 1. 1 Non-Int»rlaced Scanning - 

In a Non~Int*rlaced scan/ the picture is traced on the CRT uiith 
one excursion of the CRT electron beam starting at the top of the 
screen and ending at the bottom. This one excursion from top to 
bottom is also referred to as a field or a frame. When the Sync 
Generator is operating in the Non-interlaced mode/ 262 horizontal 
scan lines are produced for 60 Hz operation and 315 aT9 produced 
for 50 Hz. Only 240 (60 Hz) and 256 < 50 Hz) of these scan lines 
ar9 visible on the screen. The lines not seen mv blanked out 
during vertical retrace time while the beam is moving from the 
bottom to the top of the screen. 

Figure 6-2 illustrates the scanning for a Non-Interlaced CRT 
monitor along with synchronizing and blanking as determined by 
the Sync Generator. The first scan line (raster line) starts at 
the upper left of the CRT screen and sweeps towards the right. 
At the right/ horizontal sync causes the CRT electron beam to do 
a horizontal retrace. Horizontal retrace is the rapid movement 
of the beam from thm right to the left side of the screen. 
Horizontal retrace occurs during horizontal blanking time. 

Horizontal blanking is a signal which indicates to the graphic 
system video circuits that video should stop since horizontal 
retrace is approaching. Horizontal sync causes the CRT monitor 
to retrace for the start of the next line. As shown in Figure 
6-3/ horizontal blanking preceeds horizontal sync and causes 
raster blanking at the right of the screen. This is done to 
ensure that all video has stopped before the retrace. Uhen the 
electron beam reaches the left of the screen/ horizontal blanking 
is removed and allows video to the CRT monitor. This beam 
sweeping/ synchronization/ and blanking process continues until 
the last raster line. When the last raster line (at bottom of 
CRT) reaches the right side of the screen/ Horizontal Sync and 
Vertical Sync pulses cause the electron beam to move back to the 
upper left of the CRT screen. During the beam's travel upward/ 
the beam is swept towards the left and then to the right in a 
zigzag fashion to reach the top of the CRT. This zigzag motion 
is caused by the horizontal syncs occurring during the upward 
retrace of the beam. Horizontal retrace continues during the 
vertical retrace time. When the electron beam reaches the upper 
left/ vertical blanking ends and the beam again starts tracing 
horizontal lines from top to bottom. The relationship between 
vertical blanking/ horizontal blanking/ and horizontal sync for 
the Sync Generator is shown in Figure 6-4. 



6. 3. 1. 2 Interlaced Scanning - 

During an Interlaced scan (Figure 6-5)/ the picture is traced on 
the CRT with two successive excursions of the CRT electron beam. 
Each excursion is re^Brrcd to as a field. Thus/ there arw two 
fields and the two fields equal one 9ram9. The fields are called 
even and odd and have the same number of scan lines. 
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Figur* 6-3 
M7061 Horizontal Blanking and Sync Times 
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When the Sync Generator is operating in the Interlaced mode« 525 
horizontal scan lines (both fields) are produced for 60 Hz 
operation and 629 (both fields) are produced for 50 Hz. Of these 
scan lines 460 (60 Hz) and 512 (50 Hz) are visible on the screen. 
The lines not seen are blanked out during vertical retrace time 
while the beam is moving from the bottom to the top of the 
screen. 

Figure 6-5 illustrates the scanning for an Interlaced CRT monitor 
along uiith synchronizing and blanking as determined by the Sync 
Generator. The odd field starts at the top center of the CRT and 
traces approi imately one-half length of a raster line. When the 
CRT beam reaches the right side of the screen^ horizontal 
blanking occurs. Horizontal sync (Figure 6-3) causes the beam to 
sueep to the left of the CRT during horizontal retrace. This 
process continues until the beam reaches the lower right corner 
of the CRT. At the lower right* horizontal sync and vertical 
sync pulses cause the electron beam to move back to the top of 
the CRT screen in a zigzag fashion^ as described for 
Non-Interlaced scanning. To avoid confusion* vertical and 
horizontal retraces mv not shown in Figure 6-5. 

The even field raster lines are traced from top to bottom like 
the odd field lines. However* the even field lines start in the 
upper corner of the CRT and are traced in-between the odd field 
raster lines. Vertical retrace for the even field occurs at the 
end of the last raster line which is approximately at the bottom 
center of the screen. 

For 60 Hz operation* 262. 5 raster lines are traced on the screen 
for each field. This gives a raster line total of 525 lines per 
^rame. During 50 Hz operation 314. 5 raster lines are traced per 
field for a total of 629 lines pwT frame. 



6.3.2 Sync Generator Circuits 

The Sync Generator circuits produce EIA RS-170 waveforms for 
vertical blanking* horizontal blanking* and composite sync for 

use throughout the graphic system. These waveforms* along with 

clear and clocking pulses* are generated by Vertical and 

Horizontal counters which address Vertical and Horizontal ROMs 

within the Sync Generator. The RS-170 waveforms from the Sync 

Generator circuits are applied to the system Video Bus for 
distribution. 

Figure 6-6 shows a detailed block diagram of the Sync Generator 
circuits. A clock signal (CNT DWN) from the Horizontal Sync-Up 
and VCO circuits clocks the horizontal counters until the 
counters overflow. The overflow generates a carry (CRY) from the 
horizontal counters which starts the vertical counters. Outputs 
HI through H6 from the horizontal counter address the Horizontal 
ROH. The HI through H6 inputs to the ROM enable the ROM to 
produce the horizontal clear* blanking* and composite sync 
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signals which ar* rvquirtd by th* graphic systam during m 
horizontal lina tima. Thasa horizontal signals »T9 fad to a 
latch. Whan tha latch is clockad <CLK LATCH C) by tha horizontal 
sync and VCO circuitSf tha horizontal signals mv passad to tha 
3-stata drivars. Tha drivars ara anablad and placa tha signals 
onto tha vidao bus. 
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Figura 6-6 
M7061 Sync Canarator Circuits — Datailad Block Diagram 
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H BLANK includes a front porch* horizontal sync* and a back 
porch. C H DRIVE is used during vertical blanking for sync 
sampl ing. 

COMP SYNC is a pulse which occurs in the middle of H BLANK. COMP 
SYNC is comprised of the horizontal sync pulse intervals* the 
equalizing pulse intervals* and the vertical sync pulse 
intervals. The Horizontal Counter's 2ND HALF LINE output is 
applied to the Vertical ROM during the vertical retrace to 
control external sync. 

When the Horizontal Counters overflow* the Vertical Counters mv 
incremented. The rate of the count-up <or the line time) is 
determined by the carry from the Horizontal Counters. In the 
internal sync generation (standalone) mode* an internal 25. 1748 
MHz crystal oscillator in the Horizontal Sync and VCO circuits 
supplies the clock to the Horizontal Counters. During External 
Sync (slave) mode ("VTIOO mode")* the clock is supplied by a VCO 
in the Horizontal Sync and VCO circuits. The VCO phase locks to 
the composite sync (EXT COMP SYNC) supplied by an external source 
(VTIOO). Regardless of the clock source* the Vertical Counters 
count the number of lines on the CRT monitor screen. Vertical 
Counter (V1-V256) outputs address the Vertical ROM and apply V32* 
V^4* V256 to the 50/60 Sync Line Decoder. The Vertical ROM 
produces vertical blanking and drive signals which are latched by 
the LATCH CLK signal. V BLANK is placed on the Video Bus via the 
3-5tate drivers. 

The 50/60 Sync Line Decoder allows the Sync Generator to operate 
with either 50 Hz or 60 Hz power sources* thus eliminating 
display jitter caused by lOHz nonsynchronous operation. 50 Hz or 
60 Hz selection is by means of two switches (E21-li E21-2) on the 
Sync Generator module. These switches determine when the output 
of the 50/60 Sync Line Decoder goes high and changes one of the 
address inputs to the Vertical ROM. The 50/60 Sync Line Decoder 
is enabled when the Vertical Counters reach a line count of 128. 
If the 50 Hz switch (E21-1) is closed and V32 and V64 from the 
Vertical Counters art high* 50/60 Sync Line Decoder output 50 Hz 
> 256 goes high. On the other hand, if the 60 Hz switch <E21~2) 
is closed (50 Hz switch open)* the decoder output 60 Hz > 224 
goes high when the Vertical Counters reach line 224 or greater. 

When the 50 Hz > 256/60 Hz > 224 output to the Vertical ROM goes 
high 16 additional lines are counted for 50 Hz and 32 additional 
for 60 Hz. The graphic system then goes into vertical blanking 
time. The 50/60 Sync Line Decoder saves ROM space for redundant 
counts and allows the count to continue until the appropriate 
number of lines has been reached. The V DRIVE output is applied 
to the latch and indicates the system has entered the vertical 
retrace interval. V DRIVE is also applied as an address input to 
the Horizontal ROM which causes serrations (equalizing pulses) to 
be supplied along with the vertical blanking as part of the COMP 
SYNC signal. That is, during the first part of the V BLANK 
interval* the Sync Generator produces an equalizing pulse 
interval* a vertical interval* and another equalizing pulse 
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interval. 

As mvntioned previously* th« Sync Generator can be selected to 
provide sync and blanking for Interlaced and Non-interlaced 
scans* and can also be selected for compatible operation with the 
VTIOO monitor. When the Non-Interlace mode is selected on the 
Sync Generator* the Non-Interlace Odd flip-flop is held in the 
reset state. This causes the Sync Generator to produce only even 
fields on the system monitor. The output of the Non-Interlace 
Odd flip-flop is applied to the 3-5tate driver uihich places the 
ODD FRAME signal on the Video Bus. 

When the ODD FRAME line is loui (Non-Interlace switch open) the 
system performs an odd field scan. Even field scans »r9 
performed when the ODD FRAME line is high (Non-Interlace switch 
closed). With the switch open the Non-Interlace Odd flip-flop is 
allowed to toggle upon the completion of each field. 

The 50 Hz Non-Interlace and Normal switches determine the mode of 
operation; i.e.* 314-line normal RS-170 50 Hi Non-Interlace or 
315-line VTIOO 50 Hz Non-Interlace. During normal mode* SAMPLE 
CLK is gated with Z L. This produces SZ L which is applied as a 
clock to a Clear flip-flop which clears the vertical counters. 
This clear generates a clear to the vertical counters after a 
line count of 314. For VTIOO mode operation* SAMPLE CLK is gated 
with Z L but this time 50 N INT is produced. 50 N INT is applied 
to the Clear flip-flop. The Clear flip-flop ^o\it clears the 
vertical counters after a line count of 315. 

The 2 L output signal from the ROM occurs twice in succession in 
the ROM code. The 50 N INT signal provides a count of two before 
actually clearing the vertical counters. 

Only one Sync Generator circuit is required in a graphic system. 
The Sync Generator has one four-bit digital-to-analog converter 
(DAC) and can handle only four bits of video data. A VSVli/VSll 
graphic system may use up to four Sync Generator modules. Only 
one of these modules would be controlling the synchronization! 
this module is termed the "Master". The other three* termed 
"Slaves"* would have the Sync Generator circuits disabled because 
the Master module provides all the signals required for 
synchronization. The Sync Generator circuits »t9 disabled by 
opening switch E21-6 and jumper W19 on the designated Slave 
modules. This disables the 3-state drivers to the Video Bus. 



6.3.3 DAC And SYNC Stripper Circuits 

The DAC and Sync Stripper circuits perform four functions: 

1. Convert four-bit video data from the Image Memory to 
analog intensity data. 
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Disable (blink) pixel data. 

Convert joystick video data from the cursor control 
circuits to analog intensity data for the system monitor 
crosshairs (cursor). 

Separate the sync pulses from the video information 
during operation in External Sync mode« where an EIA 
RS-170 signal is applied to the DAC and Sync Stripper 
circuits. 



A detailed block diagram of the Sync Generator 
Stripper circuits is shouin in Figure 6-7. 
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Figure A-7 
M7061 DAC and Sync Stripper Circuits 
Detailed Block Diagram 
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6. 3. 3. 1 DAC Circuits - 

Th» DAC <Digital-to-Analog Conv»rt»r) circuits in Figure 6-7 
includ* th« four-bit latch and the 20 mA current source. Four 
bits of video data from the Image Memory are received by the 
Blink circuits (gates). The video data is blocked fifty percent 
of the time if the Blink circuits are enabled and video data bit 
6 is true for that pixel. The video data is then received by the 
four-bit latch from the video bus. When B CLK goes high* the 
data bits <DATA 04 — DATA 07) mve latched. The output of the 
four-bit latch feeds (through resistors) a 20 mA current source. 
The four-bit latch* the resistors, and the 20 mA current source 
form a current source type DAC. When one or more of the four 
data bits is low (off), current is removed from the 20 mA current 
source. If all four bits are loui. all the current (except for a 
small bias current of 0.7 mA) is taken au»ay from the 20 mA 
current source. Changing the state of the data input bits 
changes the level of current supplied by the 20 mA current source 
and thus changes the voltage level applied to the VTIOO driver 
and the "OR" circuit. In addition to the four data bits* the B 
COMP SYNC (from with the active Sync Generator circuits) is 
applied to the four-bit latch via the Video Bus. B COHP SYNC 
also removes current from the 20 mA current source* thereby 
adding synchronizing pulses (horizontal syncs and serrations) to 
the video data from the Video Bus. This results in a composite 
video signal at the output of the 20 mA current source. The 
composite video signal is applied to the VTIOO ir nitor via the 
VTIOO driver and/or to a black and white monix jr (or the Green 
gun of a color monitor) via the "OR" circuit. 

Input bits 06 and 07 of the 4-bit latch are both driven by JSV 
DATA from the Cursor Control circuits for the display of the 
system monitor crosshairs. Bits 04 and 05 can be driven if 
selected by the jumpers. JSV DATA is pulsed for the display of 
the vertical crosshair* and is held low (intensity on) for either 
17 pixels of one horizontal line or for the entire horizontal 
line* for display of the horizontal crosshair. The size of the 
crosshair is determined by jumper W17. 

For black and white operation* the four-bit DAC provides for 16 
levels of grey (including black). For color operation* two 
outputs from the four-bit latch feed open collector drivers. 
These drivers can be used to supply red and blue video 
infor.mation to a color monitor. The remaining two bits of Green 
video information pass througn the 20 mA current source and the 
"OR" circuit to drive the Green gun in the color monitor. The 
Green output provides four levels of green along with 
synchronizing signals. The range of output voltage at the green 
output is O V through 1.6 V into a 75 ohm impedance. 
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6. 3. 3. 2 Sync Stripper Circuits - 

The Sync Stripper circuit* in Figure 6-7 include the External 
Input Amplifier^ the Differential Amplifieri the Emitter 
Follouier^ the Buffer^ and the Sense Amplifier/Sync Separator. 
These circuits remove the sync pulses from an EIA RS-170 
composite video signal which is supplied by the VTIOO monitor. 
An EIA RS-170 waveform in the range of V to 1.4 V is applied to 
the External Input Amplifier. The gain of this amplifier is 
adjustable by means of potentiometer R4B. From the External 
Input Amplifier* the level-adjusted RS-170 signal is applied to 
the Differential Amplifier. The Differential Amplifier has a dc 
gain of 2* an ac gain of 7. 5« and a cut-off frequency of 19 Hz. 
The output from the Differential Amplifier is applied to an 
emitter follower. At the Emitter Follower* the most negative 
signal excursions (sync tips) are clamped to -0.6 V. The -0.6 V 
sync tips are applied to the Buffer. The signal level at the 
output of the Buffer ranges from V to •«-2. 8 V* with the lower 
-^0. 8 V being the sync signal. The output of the buffer is 
applied to the Sense Ampl if ier/Sync Separator. The Sense 
Amplifier/Sync Separator is biased off at -(-0.4 V. This results 
in a low output from the Sense Amplifier/Sync Separator for 
inputs below 0.4 V; and a high output for inputs greater than 
0.4 V. Thus, the output <EXT COMP SYNC) from the Sense 
Amplifier/Sync Separator consists of only the syncrhonization 
signal which includes all of the serrations and equalizing 
pulses. This sync signal is then applied to the Vertical and 
Horizontal Sync circuits where it is used to synchronize the 
Vertical and Horizontal Counters. 

In addition to the sync output from the Sync Stripper circuit's 
buffer* the buffer provides EIA RS-170 video to the "OR" circuit. 
The "OR" circuit mixes the incoming <from the VTIOO monitor) 
video with the composite video from the 20 mA current source. 
This results in a composite video signal containing video data 
and sync from the Video Bus* and video data from the EIA RS-i70 
input from the VTIOO monitor. The output voltage level can be 
adjusted by R9. 



6.3.4 Horizontal Sync And VCO Circuits (Phase Lock Loop) 

The Horizontal Sync and VCO circuits produce clock signals for 
the Sync Generator logic. These clock signals can be derived 
from an internal crystal oscillator (INTERNAL CLK) or from a 
voltage controlled oscillator (VCO) which changes frequency as 
the result of comparing the EXT COMP SYNC signal from the DAC and 
Sync Stripper circuits to the COMP SYNC signal from the Sync 
Generator circuits. A detailed block diagram of the Horizontal 
Sync and Clock circuits is shown in Figure 6-8. 
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Figure 6-B 

M7061 Horizontal Sync-Up and VCO Circuit* — 

Detailed Block Diagram 



When operating in Internal Sync mode (INTERNAL CLK siuitch E2i-B 
closed* SYNC-UP CLK suiitch E21-7 open)* the output from the 
23. 1748 MHz crystal oscillator is divided by 2 and clocks the 
four-bit counter. This counter divides the input by 10 and 
produces clock signals for the Vertical Sync and Sync Generator 
circuits. 

When operating in External Sync mode <VT100 mode) (INTERNAL CLK 
suiitch E21-8 open* SYNC -UP CLK suiitch E21-7 closed)* the phase 
relationship between the EXT COMP SYNC signal (from the DAC and 
Sync Stripper circuits) is compared to the COMP SYNC from the 
Sync Generator circuits. If the tuio signals are out of phase* 
the control voltage to the VCO changes* changing the output 
frequency <CLK IN) from the VCO. This changes the clock to the 
fouT — bit counter* and thus changes the clock rates which drive to 



6-16 



the Vertical Sync Sync Generator circuits. Since the cldck to 
the Sync Generator has changed^ the rate (and thus the phase) of 
COMP SYNC from the Sync Generator changes. These changes will 
continue until the phase relationship betiui'en EXT COMP SYNC and 
COMP SYNC match. When the phase matches^ the voltage to the VCO 
stabilizes and the VCO output frequency (CLK IN) stabilizes. 
Under this condition* the Sync Generator circuits mrw 
phase-locked to the horizontal sync from the.VTlOO. 

The 40 uS (microsecond) one-shots prevent the Phase Detector from 
locking-up on half-line data and causing clocking errors. 
Half-line data includes the vertical retrace interval and 
equalizing pulses uihich ar9 part of the COMP SYNC signal. Since 
the Phase Detector operates on a high to low transition* the 
Phase Detector would try to sync to the equalizing pulses. This 
would cause the VCO to shift up and down in frequency* hunting 
for a phase match between the everchanging pulses and the EXT 
COMP SYNC signal. 



6. 3. 5 Vertical Sync Circuits 

The Vertical Sync circuits synchronize the vertical counters in 
the Sync Generator circuits to the incoming EIA RS-170 signal 
from the VTIOO monitor when operating in the External (VTIOO) 
mode. A detailed diagram of the Vertical Sync circuits is shown 
in Figure 6-9. 

Vertical Sync is accomplished by using the EXT COMP SYNC signal 
as a reference* and producing a sample window during the vertical 
retrace interval. The sample window is provided by horizntal 
timing which is synchronized to the incoming horizntal sync 
pulses by the Horizontal Sync and VCO circuits. During the 
sample window* if the COMP SYNC Signal does not match the EXT 
COMP SYNC signal the M7061 vertical counters are gated down until 
a match occurs. Three samples per field are made during the 
vertical retrace interval. 

When the horizontal counters are synchronized* the Vertical Sync 
circuits receive synchronized horizontal clock signals. The EXT 
COMP SYNC and 2ND HALF LINE signals av NANDed in the Vertical 
Sync circuits. When 2ND HALF LINE goes low (at the left half of 
a line)* the gate is enabled and a high "D" input is provided to 
the Pre-Sample flip-flop. This occurs durinq horizontal sync or 
the vertical retrace interval. The Sync Generator produces H6 
(H6 happens at quarter line time) to clock the Pre-Sample 
flip-flop. The setting of the Pre-Sample flip-flop during H6 
time starts the sample window* and indicates the EXT COMP SYNC is 
at the vertical retrace interval. 
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Figure 6-9 M7061 Vertical Sync Circuits — 
Detailed Diagram 



The "1" output from the Pre-Sample flip-flop drives the "D" input 
of the Sample flip-flop* while the "0" output is applied to the 
Pre-Sample NAND gate. When COMP SYNC is asserted (during 
vertical retrace)* a Match condition is gated to one input of the 
Sample gate. At this time SAMPLE CLK from the Horizontal Sync 
and VCO circuits clocks the Sample flip-flop. The Sample 
flip-flop sets* providing an input, to the Sample gate and 
reestablishing the sample uiindoui. The sample windoui is lost 
during the time the Pre-sample flip-flop is set and uihen Match is 
generated. This is due to the phase shift betuieen EXT COMP SYNC 
and COMP SYNC. To compensate for this* the Sample flip-flop is 
used and clocked with SAMPLE CLK. SAMPLE CLK occurs within the 
retrace interval and provides enough time for EXT COMP SYNC and 
COMP SYNC to become phase matched. At the Pre-Sample gate* the 
state of Match is compared to the zero output from the Sample 
flip-flop. If a match is sensed during sample time* gate down 
<GATE DWN) remains high and no further action takes place. This 
indicates that the vertical counters are synchronized to the 
incoming EIA RS-170 sync signal. On the other hand* if Match is 
not true at sample time* QATE DWN goes low after count down (CNT 



A-IB 



DUN) goes high. A low to high transition of GATE DWN causes the 
vertical counters in the Sync Generator circuits to count douin. 
The counters will continue to count doum until the output of the 
Sample flip-flop goes to the "l"state. When this happens a match 
occurs and GATE DWN gres high The s«mple inindouj i& terminated 
when CH DRIVE from the Sync Generator is negated. This occurs 
just before half-line time. Several samples may take place 
before synchronization occurs. 

A sample is performed three times during each field. Successive 
samples and non-matches will ultimately count the vertical 
counters down until a match is obtained. Thereafter* successive 
samples will no longer cause a count down once a full vertical 
retrace interval match is obtained. Figure 6-10 shows the 
relationship between the sample times and the EXT COMP SYNC 
signal. 
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Vertical Sync Sample Times 



6. 3. 6 Cursor Control Circuits 

The Cursor Control circuits perform the following functions: 

1. Calculate the X-Y position of the cursor crosshairs for 
display on the system monitor. 

2. Control the intensification (on/off) of the crosshairs. 

3. Convert the position of the joystick lever to a variable 
clock which is used to clock a counter for calculating 
the X-Y joystick positions. 
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4. Decode the joystick channel eddresft provided by the 
Display Processor when M7061 registers are being 
accessed. 

5. Read the cursor X-/ position to thv? Displtiy Processor. 

6. Generate the Joystick Suiitch interrupt. 

7. Generate the Cursor Match interrupt. 

8. Load the Cursor X-Y position from the Display Processor. 

A discussion on each of these functions is included in the 
following paragraphs. 

6. 3. 6. 1 Control ROM And X-Y, Delta-Y Memory Logic - 

Sheet 1 of Figure 6-11 illustrates the Cursor Control ROM and 
X-Y, Delta-Y Memory logic. This logic uses an X-Y, Delta-Y 
Counter <hereafter referred to as the counter) and a 4-taiord by 
12-bit memory (X-Y» Delta-Y Memory — hereafter referred to as 
the memory) for calculating the X-position and Y-position of the 
crosshairs, and for counting horizontal lines (Delta-Y) for 
intensifying the Y-crosshair. Each previous X, Y» or Delta-Y 
calculation is stored in the memory, then loaded nto the counter 
and counted up or douin for the neui X-position, Y-position, or 
Delta-Y calculation <Delta-Y is always counted up). The new 
calculations are then stored in the memory for use during the 
next calculations. X, Y, and Delta-Y have separate locations in 
the memory. 

The control function for the Cursor Control circuits is performed 
by the Control ROM, Latch A, the ROM Address Control, the 4: 1 MUX 
(multiplexer), and the ROM Address Counter. Two routines ar* 
stored in the Control ROM. One routine is the calculating 
routine (ROM locations 00 through 17) and is used for calculating 
the X-Y joystick positions. The second routine is a draw routine 
(ROM locations 20 through 37) for drawing the crosshairs on the 
system monitor. The calculating routine is performed during 
vertical retrace time when vertical blanking is true (low). The 
draw routine is performed during active monitor display time. 
Entrance to the calculating and draw routines are controlled by 
ROM MSB (derived from V BLANK) and ADR CLK from the ROM Address 
Counter. 

These signals control the address inputs to the Control ROM. 
When ROM MSB is low the calculating routine is entered. The draw 
routine is entered when ROM MSB is high. Sequencing within each 
routine is controlled by the ROM Address Control lines from the 
Control ROM to the ROM Address Control. 
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Figure 6-11 
M7061 Cursor Control Circuits 
(Control ROM and X-Y> Dtlta-Y Memory Logic) - 
Detailed Diagram <Sheet 1 of 6) 



When calculating the X-Y joystick positions^ the ROM program 
monitors the polarity of the voltage from the joystick by 
sampling the A/D POL input to the 4:1 MUX. The BUTT output from 
the MUX controls the LSB of the ROM address for branching within 
the calculating and draw routines. If A/D POL is low (joystick 
moving to the right or up direction)/ the calculating routine 
sets the counter to count up. Conversely^ A/D POL high (joystick 
moving to the left or down direction) sets the counter to count 
down. The CTR UP and CTR MSB signals from the Control ROM 
determine the counter direction. At the completion of vertical 
blanking time CB V BLANK L false (high)3« ADR CLR and ROM CMC ENA 
cause the Control ROM MSB to change* thus entering the draw 
routine. 

During X-Y calculations* the previous X-position is read from the 
memory to the counter. The counter is then set to count either 
up or down depending on the direction the joystick is being 
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movvd. CTR CLK noui clocks th* countvr for 300 uS. Whtn th» 
counttr is stopp«d« it contains th« ntw X-position of tht 
joystick. This n*iii X-position is th»n written to th* invmory for 
storagv* replacing th« previous X d«ta» and is usvd dur.lng th» 
n»xt X-position calculation. Naxt» tha pravious Y-position is 
raad from tha mamory to tha countar. Again^ tha countar is sat 
to althar count up or down dapanding on joystick novamant. Tha 
countar is again clockad for 300 uS and stoppad. At tha and of 
tha count* tha naw Y-position is uirittan to tha mamory for 
storaga and usad during tha naxt Y-position calculation. 

Tha X-Y, Dalta-Y countar and X-Y» Dalta-Y mamory mv also usad to 
calculata uihich systtm monitor rastar lina is to ba intansifiad 
for tha display of tha horizontal <Y) crosshair. For this 
calculation^ Dalta-Y from tha mamory is countad up until tha 
count equals tha rastar lina that is to ba intensified. In 
essence^ the counter is counting horizontal blanking pulses uihich 
occur at the end of each raster line. Delta-Y is therefore 
incremented as raster lines arm traced on the system monitor. 
The count (CTR DATA 00-09) from the counter is applied to the 
Intensity Control logic <sheet 2) to intensify tha rastar lina. 



6.3.6.2 Intensity Control Logic - 

Figure 6-li« sheet 2* shouis the Intensity Control logic. Tha 
X-Y* Dalta-Y Counter data (CTR DATA 00 — 09) is applied to the 
Y-Line Draui Control ROM. This ROM is programmed with the maximum 
number of visible rastar lines for a VSVll/VSll system monitor. 
Visible raster line maximums aT9: 480 for 60 Hz* 512 for 50 Hz. 
The maximum raster line number for the Y-Lina Draw Control ROM is 
selected by the B ODD FRAME L* NON INT* and 50 Hz inputs to tha 
ROM. When Delta-Y data (CTR DATA 00-09) matches the raster lina 
count stored in the Y-Line Draw Control ROM* the ROM output goes 
low. Delta-Y LINE ENA is applied to Latch B and tha latch is 
clocked (CLK LATCH B). The low output from Latch B enables a 
NAND gate* the output of which sets the H-Lina flip-flop. Tha 
output of the H-Line flip-flop is applied to a NAND gate. If tha 
Crosshair Enable flip-flop has been set by Joystick Status 
instruction bits 04 and 05 (Crosshair Intensity and Crosshair 
Intensity Enable* respectively — refer to Chapter 3) JSV DATA 
will be applied to the Sync Generator DACs for one rastar lina. 
Thus* one raster on the system monitor will ba intensified. Tha 
intensified raster line is the horizontal line of the crosshair. 
At the end of the raster line B H BLANK goes low and clocks the 
H-Line flip-flop to the reset state. If the small cursor is 
selected* the H-Line flip-flop is gated with the counter. JSV 
DATA is enabled for 17 pixel positions when the counter reaches 8 
pixel positions before the crosshair position. 

The vertical (X) crosshair results from gating Delta-X RIPPLE CLK 
through the NAND gate. This pulses JSV DATA low once for each 
raster line. Thus* the vertical crosshair is a series of 
vertical intensified spots on the system monitor. As with the 
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horizontal crosshair^ the Crosshair Enabl* flip-flop muit bt tvt 
and B H BLANK L and B V BLANK L must b» high to anablt tha AND 
gata. If tha small cursor is salactad> Dalta-X RIPPLE CLK is 
gatad with a flip-flop which is sat whan Da.\ta-X is aight rastar 
linas of tha horizontal crosshair position. 
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Figura 6-11 

M7061 Cursor Control Circuits 

(Intensity Control Logic) — 

Detailed Diagram (Sheet 2 of 6) 
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6. 3. 6. 3 A/D R«t» Control Logic - 

Th«.A/D Rat* Control logic i% »houin on thtvt 3 of Figur* 6-11. 
Thif logic convert* th« analog voltag* from th» joystick into a 
digital clock for tha X-Y» Dalta-Y countar on shart 1. Tha clock 
rata varias uiith tha amount of joystick movamant. 

Whan calculating tha X-crosihair position/ tha Control ROM 
assarts X A/D ENA. B ODD FRAME L from tha Sync Oanarator 
circuits is aluiays high in Non-Intarlacad moda. Thasa two 
signals bv gated to produce RUN X A/D which enabes X IN to tha 
analog switch* and also enables the Divide-By-16 counter. X IN« 
which can vary from -*-l V to -1 V* depending on the joystick 
position* passes through the Analog Switch and is applied to the 
Absolute Value Converter. From the X or Y input/ the Absolute 
Value Converter produces A/D POL which indicates the direction in 
which the joystick is moved. A/D POL is applied to the 4: 1 MUX 
on sheet 1 to control the LSB of the Control ROM address. The 
■•■IV to -IV X or Y input to the Absolute Value Converter is 
converted to a voltage from V to 4 V at the converter output. 
This voltage is applied to a timer which produces A/D CLK. The 
number of A/D CLK pulses varies according to joystick movement. 
From the timer» A/D CLK is applied to the Divide-by-16 counter 
which has been enabled by RUN X A/D. This counter divides A/D 
CLK by 16 and applies it through an OR gate to the 4: 1 MUX. The 
dividing of A/D CLK is necessary to produce the proper clock rate 
for the X-Yi Delta-Y counter on sheet 1 when calculating X- or 
Y-crosshair positions. The Y IN input from t e joystick is 
handled by the A/D and control logic in a manner similar to that 
just described for the X IN input. RUN Y A/D selects the Y IN 
input and enables the Divide-by-16 counter. 

The X-Yi Delta-Y counter on sheet 1 is clocked by CTR CLK from 
the 4:1 MUX (sheet 3). Three different clocks (CTR CLK) can be 
applied to the counter* depending upon the type of calculation 
<X/ Y/ or Delta-Y) being performed. The 4: 1 MUX selects these 
clocks and applies them to the counter via the CTR CLK line. 
When calculating X- or Y-crosshair positions* the X-Y CLK from 
the Divide-by-16 counter is selected. When drawing the 
X-crosshair (vertical)* B CLK is selected, as this clock is used 
to clock pixels to the system monitor.. The vertical crosshair is 
actually intensified pixel positions. During the drawing of the 
Y-crosshair. horizontal blanking pulses are counted. Horizontal 
blanking is the Y CNT input to Latch B. Y CNT is counted twice 
for each frame. This provides positioning of the horizontal 
crosshair within the proper frame. 
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Figur* 6-11 
M7061 Cursor Control Circuits 
(A/D Rat* Control Logic) 
Dctailffd Diagr«ffl (Sh»tt 3 of 6) 
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6.3.6.4 Jogstick Addrtss Dtcod«/Su»i tch Intvrrupt Logic - 

Th» Joystick Addrvst Ovcodv/Switch Interrupt logic d«cod»s th» 
joystick addrffss for joyftick s*l»ction and gvni^rates tt^t Suiitch 
inttrrupt to th* M7064 Display Proctssor uihvn tht joystick suiitch 
is pressed. 

Sh»»t 4 of Figur* 6-11 illustrates th» Joystick Addrass 
Decoda/Switch Intarrupt logic. Four joysticks can ba accomodated 
by tha VSVil/VSll system if four M7061 Sync Generator /Cursor 
Control modules are used. Each joystick has a unique address. 
These addresses art encoded in bits 06 and 09 of the Joystick 
Status instruction and »T9 applied to the M7061 by the Display 
Processor via DBUS Data bits 10 and 11. Joystick address 
decoding is accomplished on the M7061 module and is set up by 
jumpers W5* U6, U7, and W8. The joystick addresses and the 
jumper configurations are as follouis: 

Joystick Jumpers 

Addresses W5 W^ W7 Hi 

00 OUT IN OUT IN 

01 OUT IN IN OUT 

02 IN OUT OUT IN 

03 IN OUT IN OUT 

A system with one joystick has its address at 00. When the 
proper joystick address is placed on the DBUS <bits 10 and 11) 
and decoded along uiith JS STATUS from the D SEL Line Decoder on 
sheet 5, INTR CLR is applied to other M7061 modules in the system 
to prevent them from generating other joystick interrupts. STAT 
CLK clocks all the M7061 status flip-flops. The Suiitch Enable 
flip-flop is set uihen DBUS 00 and 01 <Suiitch Interrupt Enable and 
Suiitch Interrupt bits« respectively of the Joystick Status 
instruction) are asserted and uihen STAT CLK clocks the flop. 
Uhen the Suiitch Enable flip-flop is clocked* DBUS 00 is stored. 
Noui* uihen the joystick interrupt suiitch is pressed/ JS SWITCH 
goes loui. This gates the zero output of the Suiitch Enable 
flip-flop to the Suiitch Interrupt flip-flop* thus setting the 
Suiitch Interrupt flip-flop. When the Suiitch Interrupt flip-flop 
sets* JS SWITCH INTR is sent to the Display Processor via the 
DBUS. Only one suiitch interrupt can be generated as the Suiitch 
Interrupt Enable flip-flop is automatically reset after the first 
interrupt is produced. This prevents multiple interrupts from 
occurring if the joystick interrupt suiitch is pressed more than 
once. A neui suiitch interrupt can only be initiated if another 
Joystick Status instruction enables it again. 
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Figure 6-11 
M7061 Cursor Control Circuits 
(Joystick Address Decode/Switch Interrupt Logic) 
Detailed Diagram (Sheet 4 of 6) 
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6.3.6.5 Read X-Y Logic - 

Th* curtor position stored in th» X-Y Memory (sh*«t 1) can ba 
rvaJ bg tha Display Procassor through tha Joystick Status 
inff tructioTo or uihan tha joystick interrupt s(iiit:h is prassad. 
Shaat 5 of Figura 6-il illustrates tha M7061 Raad X-Y logic. 

Whan tha Joystick Switch interrupt (JS SU INTR) is ganaratad* tha 
Display Procassor responds uiith a request for the cursor 
coordinates. JS SW INTR, D SEL 00 — 03, and D PULSE »v decoded 
to produce READ ENA, which presets the Read flip-flop. This 
produces READ (1) L uihich enables the READ X and READ Y AND gates 
and the 3-state drivers. Next, SEND X is produced (sheet 6) as 
the result of decoding the RD X CUR command from the D SEL lines 
from the Display Processor. SEND X is gated uiith READ (1) L and 
is clocked into the Data Ready flip-flop with B CLK. When the 
Data Ready flip-flop sets* DATA RDY is sent to the Display 
Processor. lieanwhile* READ <1) H causes the Control ROM (sheet 
1) to read the X-position data out of the X-Y« Delta-Y Memory 
(sheet 1) onto the MEM DATA OO — 09 lines to the 3-state DBUS 
drivers. The 3-state drivers then transfer the X-position data 
to the Display Processor via the DBUS. 

Uhen the X-position data is stored in the Display Procassor* the 
processor encodes the D SEL lines (sheet 6) with a RD Y CUR 
command to read the Y cursor position data. The Data Ready 
flip-flop is again set* generating DATA RDY. S^']D Y causes the 
Control ROM to read Y-position data from the X-Y* Delta-Y Memory 
to the 3-state drivers and to the Display Processor. 

The X-Y joystick position can also be read by the Display 
Processor via the issuance of the Joystick Status instruction. A 
Joystick Switch interrupt is not required. This read occurs when 
the Display Processor sets DBUS 06 to a one (DBUS 06 is the 
result of bit 06 of the Joystick Status instruction). DBUS 06 is 
gated with READ (1) L which is in the zero state at this time. 
The Read flip-flop sets when clocked by CLK READ* which is the 
NOR gate output of STAT CLK. SEND X or SEND Y causes DATA RDY 
and the transfer of the X- or Y-position data from the X-Y. 
Delta-Y Memory to the Display Processor as previously explained 
for the JS SU INTR read. 
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6.3.6.6 Joystick Match Interrupt Logic - 

Th» -Joystick Match Interrupt logic <sh»*t 6 of Figure 6-11) 
produces the Joystick Match interrupt (J8 MATCH INTR) i^hen the 
joystick por.ition (X and Y) matches a pixel location which is 
being written into the Image Memory by the Display Processor at 
the time the joystick interrupt switch is pressed. The interrupt 
occurs if the Match Enable flip-flop is set by a Joystick Status 
instruction. STAT CLK is gated with DBUS 03 (Match Interrupt 
Enable bit) to clock DBUS 02 <Match Interrupt) to the Match 
Enable flip-flop. The Match Enable flip-flop sets* enabling a 
NAND gate. When the joystick switch is pressed the comparators 
are enabled. 

Meanwhile* the Control ROM <sheet 1) causes the X-Y Delta-Y 
Memory to place X-position data on the MEM DATA 00-11 lines to 
the comparator. DBUS 00-11 lines to the comparator have X 
position of the pixel data written to the M7062 Image Memory by 
the Display Processor at this time. If the data on the MEM DATA 
lines compares with the data on the DBUS lines* the comparator 
produces MATCH. Since the first compare compares for an X-matchi 
MATCH is clocked into the X-Match flip-flop by LD X. The X-Match 
flip-flop stores the condition of the X-Match. 

When X matches* the Control ROM < sheet 1) causes the X-Y* Delta-Y 
Memory to place Y-position data on the MEM DATA 00 — 11 lines. At 
this time* the DBUS 00-11 lines have the Y-position of the pixel 
data which is being written to the Image Memory by the Display 
Processor. Again* a MATCH occurs when the data on the MEM DATA 
lines matches the data on the DBUS lines. This time the MATCH is 
for the Y-position and it is clocked into the Y-Match flip-flop 
with LD Y. When the Y-Match flip-flop sets* JS MATCH INTR L is 
sent to the Display Processor. The Match Interrupt logic seeks a 
match as long as the joystick interrupt switch is pressed. The 
interrupt is cleared when MATCH ENA goes low. 



6.3.6.7 Load X-Y Logic - 

The X-Y Memory can be written into by the Display Processor. 
D SEL 00 — 03* D PULSE 00, and ADDR MATCH produce WRT X or WRT Y. 
Either signal will force the Control ROM into address zero and 
select PROM E19 instead of E29. The data is taken from the DBUS 
and loaded into the counter. Then it is transferred into the X-Y 
Memory and the DATA READY signal is sent to the Display 
Processor* indicating the data is stored and ready. The Display 
Processor encodes a zero on the D SEL 03-00 lines and enables the 
D PULSE to the Control ROM to transfer the data. 
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Figure 6-11 

M7061 Cursor Control Circuits 

(Joystick Match Interrupt Logic) — 

Detailed Diagram (Sheet 6 of 6) 



6. 3. 7 H30&0 Joystick 

IiL?^^*2 '^°^***^'' ^* supplied with VSVll/VSU systems using the 
n7061 Sync Generator/Cursor Control module. The Joystick 
consists of two 5K ohm potentiometers (Figure 6-12) mounted at 
right angles and mechanically coupled to the joystick control 



6-31 



l«v»r uiith m gimbal coupling. Tht gimbal coupling transfers 
fflovvfiivnt of th» joystick control Iwvtr to th» X- and Y-potition 
pot*ntiom*t»r». Joystick control l«v»r movsnivnt in only th« 
X-dir»ction only afftct* th» X-po»ition potvntiomvtvr) th« sans 
is tpua for movtmtnt in th« Y-dir»ction afftcting th» Y-position 
pottontiomttir. Both potani iom«t»rs mrw affyfctvd bsj aqual amounts 
uihan tha joystick control lavar is movad at a 45 dagraa angla 
from its cantar position. 
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drift. Vertical crosshair drift is coiiip»nsat*d by adjusting tha 
trim tab locatad in tha vartical slot towards tha right of tha 
joystick control unit until movamant of tha crosshair stops. 
Drift of tha horizontal crosshair is offsat by tha trim tab 
locatad in tha horizontal slot just baloui ^ha joystick control 
laver. 

In addition to tha joystick control lavar* tha H3060 Joystick has 
dual intarrupt suiitchas. Thasa suiitchas ara locatad undar pads 
on each sida of tha joystick control lavar and mv usad to 
produca tha SuiitcK and Match intarrupts. Tha suiitchas mrw lairad 
in parallal and control tha J8 SWITCH signal to tha Sync 
Oanarator modula. Normallyf JS SWITCH is pullad to •*'5 V through 
a resistor on tha Sync Oanarator modula. Whan aithar switch is 
prassadi JS SWITCH is grounded (active state) until the switch is 
released. 

The H3060 joystick is equipped with an aight-foot <2. 29 meters) 
cable. This cable connects to a 20~foot (5.7 meters) cable (part 
number 7015022 supplied with the Sync Generator and joystick) 
which in turn connects to J3 on the Sync Generator modula. Tha 
Sync Generator supplies operating voltages and a ground for tha 
Joystick. 



6. 3. 8 5 V Converter 

The Sync Generator DAC and Sync Stripper circuits use ~5 V in 
addition to the normal ■4-5 V. A dc-to-dc inverter (not 
illustrated) is used to convert •*'5 V to -5 V. The inverter is 
comprised of a transistor multivibrator using a saturable 
transformer^ a negative diode rectifier^ and an L-C filter. A 
three-terminal regulator produces regulated ~5 V for tha DAC and 
Sync Stripper circuits as wall as tha M7062 Image Memory modula. 



6. 3. 9 Video Bus 

The Video Bus is a bus structure which provides an 
interconnection scheme between any two successive C-D slots on an 
H9273 type backplane. Interconnections are wired daisy-chain 
fashion from side two of the first slot to side one of the second 
slot> and from side two of the second slot to side one of the 
third slot. This pattern repeats for all nine C-D slots of an 
H9273 type backplane. 

Modules designed to function together as module sets (such as the 
M7064. M7061, and M7062) av inserted into the C-D slots of an 
H9273 type backplane. The Video Bus implemented on this C-D 
Interconnect provides for the exchange of data and control 
signals between modules in the VSVll module set. 



6-33 



Thvr* can b« up to 33 signals on th» Vidvo Bu». That* signals 
mv brokan down into thraa broad catagoras: 

1. Vidao data 

2. Timing and Sgnchroiii zation 

3. Sparas 

For tha M7061> tha vidao data (V DATA 00-07) linas consist of 
aight Vidao Bus linas. Thasa linas mrm drivan by tha Imaga 
Mamory modula and ara tarminatad at tha Sync Oanarator. Timing 
and synchronization linas for tha Sync Oanarator consist of 
B CLK> B ODD FRAME. B V BLANK. B H BLANK* B H CLR* STALL. 
V H CLR. 50/60 Hz. and NONINTERLACE. Thasa signals ara ganaratad 
by tha Sync Oanarator and mru drivan down tha Vidao Bus and 
tarminatad on tha Display Procassor modula. In addition, tha 
Sync Oanarator timing and synchronization linas mT9 connactad 
from sida ona to sida two of tha Sync Oanarator modula. This 
allows thasa signals to ba passad down tha Vidao Bus by maans of 
tha daisy chain intarconnactions. Tabla 6-1 lists tha Sync 
Oanarator finger connections and tha associated signals. Note 
that except for DAI. DCl. DTI. and DVl. sida ona "D" fingers 
carry the same signals as side two "D" fingers. The "D** finger 
signals are the lines on the Video Bus which mv daisy-chained 
through all modules on the bus and terminate at the Display 
Processor. On the other hand. Table 6-1 shows that tha 8 video 
data lines (V DATA 00-07) »r9 only connected to side two "C" 
finger pins. The video data lines av terminated on the Sync 
Generator and are not passed to other modules on the bus. Also, 
one Sync Generator only utilizes four video data lines. A 
minimum of two modules mT9 required to make use of all tha vidao 
data lines. However. a small graphic system may use only ona 
Sync Generator module. 

It was previously mentioned that the 117061. H7062. and M7064 are 
a graphic module set which are designed to function together over 
the Video Bus. These modules must be inserted into the Video Bus 
in a specified order. The specified order considers Video Bus 
modules as first* middle, and last modules. The first module is 
inserted into the first (lowest numbered) slot (not necessarily 
slot one) on the Video Bus. This module may or may not have 
signals on side one fingers since it is not required to pass 
signals to an adjacent module (module in first used slot minus 
one). However. signals on side two fingers of the first module 
are connected to the second module in the adjacent slot (first 
used slot plus one). In the M7061. M7062. H7064 module set. the 
M7061 module is classified as a first module. 
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Table 6-1 
M7061 Finger Pin Assignment! (See Note) 



"C" Fingers 
<5ide 1 — 
Component 
Side) 




fiignal 




"D" Fingeri 

(Side 1 — 

Component 

Side) 


i Signal \ 


CAl 


t Not 


Used 






DAI 


1 Not Used t 


CBl 










DBl 


I Not Used t 


CCl 










DCl 


i Not Used 1 


CDl 










DDl 


I Not Used t 


CEl 










DEI 


t B ODD FRAME i 


CFl 










DFl 


: B V BLANK : 


CHI 










DHl 


{ B H BLANK 1 


CJl 










DJl 


i B H CLR i 


CKl 










DKl 


! Not Used ! 


CLl 










DLl 


i Not Used \ 


CMl 










DM1 


i 50/60 HZ { 


CNl 










DNl 


! NON INTERLACE 


CPl 










DPI 


1 B COMPOSITE SYNC \ 


CRl 










DRl 


I INIT H 1 


CSl 

1 


Not 


Used 






DSl 


{ B CLK t 


CTl 1 

! 


GND 








DTI 


I ONO t 


1 

CUl 1 


Not 


Used 






DUl 


: Not Used 1 


CVl 1 


Not 


Used 






DVl 


\ Not Used i 



NOTE 

Except for the pouier and ground 
fingers, the "A" and "B" fingers of 
the Sync Generator module tw 
unused. 
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Tablt 6-1 (Cont'd) 
M7061 Fingvr Pin Aftftignrntnts (S«» Not*) 



I "C" Fingtr* I 
I <8id* 2 — I 
! 5old*r Sidt) ! 
I L 



\ "D» Fing.r* { 

Signal I (Sid* 2 — | 

I Soldar Sidt) i 



Signal 



I 



CA2 


1 +5 V 


CB2 


1 Not UftBd 


CC2 


: QND 


CD2 


\ Not Uftffd 
1 


CE2 


1 
! V 


DATA 


CF2 


• 

5 V 

• 


DATA 1 


CH2 


• 
\ V 


DATA 2 


CJ2 


1 
{ V 

1 


DATA 3 


CK2 


! V 

• 


DATA 4 


CL2 


1 V 

1 


DATA 5 


CM2 


1 


DATA 6 


CN2 


1 V 


DATA 7 


CP2 


! V 


DATA 8 


CR2 


1 JS DATA 


CS2 


I Not Used 


C72 


I Not Used 


CU2 


{ -5 V 


CV2 


\ MEM STOP 



\ 



DA2 
DB2 
DC2 
DD2 
DE2 
DF2 
DH2 
DJ2 
DK2 
DL2 
DM2 
DN2 
DP2 
DR2 
DS2 
DT2 
DU2 
DV2 



■•-5 V 

Not Used 

GND 

Not Used 

B ODD FRAME 

B V BLANK 

B H BLANK 

B H CLR 

STALL 

Not Used 

50/60 HZ 

NON INTERLACE 

B COMPOSITE SYNC 

INIT H 

B CLK 

Not Used 

Not Used 

Not Used 



NOTE 

Except for the poufer and ground 
fingers, the "A" and "B" fingers of 
the Sync Generator module are 
unused. 
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A middlv modul* i% a modul* that communicattft uiith th» pr»c»ding 
and nvxt modules in th» modul* tvt. This module hat fingers on 
sidt ont connected to fingers on side two to allou) signals to 
pass down the Video Bus to the last module. If the M7061 is the 
first module^ synchronization and timing signals generated on the 
M7061 are passed to the middle module (M7062 Image Memory). The 
middle module/ in turn# passes the synchronization and timing 
signals to the last module (M7064 Display Processor). In the 
M7061> H7062« H7064 module seti the M7062 image memory module is 
classified as a middle module. 

The last module can only communicate with the modules preceding 
it. As its name implies^ the last module is the last module on 
the Video Bus <not necessarily the last slot) and has bus 
interconnects only on the side one fingers. Side two fingers may 
have signals which mrw used for testing or other purposest but 
these signals are not connected to the Video Bus. In the M7061* 
M7062« M7064 module set» the M7064 Display Processor module is 
classified as a last module. 

Thus fari only a basic graphic system consisting of a M7061« 
M7062> M7064 module set has been considered. A larger graphic 
system may have up to four each of M706i and M7062 modules and 
one M7064 module. For this system^ the M7064 is still the last 
modulei and one M706i module is the first module. The M7061 
selected for use as the first module would have an active Sync 
Generator. This M7061 can be considered as the master M7061. 
The remaining three M7061 modules have their Sync Generator 
circuits disabled (by means of a switch on the M7061) and are 
then classified as middle modules along with the M7062 modules. 
Only the DAC and Cursor Control circuits in these M70&ls mv 
used. This graphic system would be a system using all nine video 
bussed C-D slots on an H9273 type backplane. The M7064 module <a 
last module) would occupy slot ninei slots eighth sixt fourt and 
two would contain M7062 modules (middle modules)* while slots 
seven« five* and three would contain M70^1 modules (middle 
modules) with disabled Sync Generator circuits. Slot one would 
contain the M7061 module (first module) with the active Sync 
Generator circuits. This typical graphic system could operate 
four monitors. Note that in this system each M7062 is paired 
with a M7061. Whenever a M7062 Image Memory module is used* one 
M7061 Sync Generator module must be used along with it. However* 
a graphic system only requires one active Sync Generator to 
supply synchronization and timing. The paired M7061 and M7062 
modules only use the DAC circuits on the M7061 module. 
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CHAPTER 7 
MAINTENANCE 



7. 1 INTRODUCTION 

The maintenance philosophy for the VSVll/VSll it corrective 
maintenance by replacing a failing module (M7064 Display 
Processor; M7062 Image Memory, M7061 Sync Generator /Cursor 
Control* or monitor module) or an assembly (Cable* Joystick). 
System failures are uncovered by running the DEC/Xll System 
Exerciser (for PDP-ll) or the VSll Level 2 Diagnostic (for VAX). 
If the running of these programs points to a failing VSVll/VSll 
unit* the VSVll/VSll standalone diagnostic is then run to aid in 
determining uhich module or assembly uithin the VSVll/VSll is 
failing. A failing module or assembly can be isolated uith the 
aid of the troubleshooting tables provided in this chapter. 

There are no preventive maintenance procedures or periodic 
alignment or adjustment procedures for the VSVll/VSll. 



7. 2 TOOLS AND TEST EQUIPMENT 

The only tools rea.uired to maintain the VSVll/VSli are an 
oscilloscope (such as a Tektronix 485)* a logic probe* a 
Vol t-Ohm-Mi 1 1 iammeter (VOM)* and a small common-blade screudriver 
suitable for making potentiometer adjustments. With the 
exception of the oscilloscope* these tools av contained in the 
DIGITAL Field Service Tool Kit. 



7. 3 TEST PROGRAMS 

7.3.1 DEC/Xll System Exerciser 

A DEC/Xll modult is supplied for using th* VSVll/VSll graphics 
option with PDP-11 and LSI-11 systems. Running DEC/Xll will aid 
in determining a failing option (such as the VSVll/VSll) but may 
not aid in option repair. Option fault isolation can be 
determined through use of the specific option diagnostic. Refer 
to the instructions supplied with the DEC/Xll module for running 
the VSVll/VSll within the DEC/Xll System Exerciser. 



7. 3. 2 VAX/VMS Level 2 Diagnostic 

The program EVTCA is provided for use on VAX-11 systems in order 
to aid in finding system problems and to allow on-line testing. 
It is a subset of the standalone program EVTCB* described in 
Paragraph 7. 3. 3. It runs under the VMS operating system with the 
VSll driver. If problems are encountered when running this 
program! note the symptom and then use the standalone diagnostic 
EVTCB to isolate the cause. 



7. 3 3 VSVll/VSll Option (Standalone) Diagnostics 

The program CVVSA is supplied for use on PDP-11 and LSI-11 
systems; the Level 3 program EVTCB is supplied for use on VAX 
systems. These programs are nearly identical* differing only in 
the format of error reports and operator dialog. In the 
discussions which followi therefore* they will be referred to 
merely as "the diagnostic". 

The diagnostic consists of 35 tests which exercise the VSVll or 
VSll graphics option. These tests make use of the complete 
VSVll/VSll instruction set to determine whether or not the M7064 
Display Processor module* the M7062 Image Memory module(s)» and 
the M7061 Sync Generator/Cursor Control module(s) arm functioning 
pr oper ly . 

Tests 1 through 22 verify M7064 Display Processor operation; 
this set of tests is termed the "DPU— Only" set because they can 
be run without communication with the M7061 and M7062 over the 
DBUS Cable (all modules must* however* be plugged into the 
backplane). Test 23 verifies the M7061 Sync Generator/ Cursor 
Control module together with the M7064 Display Processor. Tests 
24 through 27 further test the M7064 Display Processor but 
require communication with the Image Memory. Tests 28 through 30 
test the M7062 Image Memory modules. Test 31 is not used; it is 
reserved for future expansion. Test 32 is a visual display using 
most of the VSVll/VSll instruction set. Test 33 verifies 
operation of the Joystick unit together with the cursor control 
and interrupt circuits on the M7061. Test 34 provides various 
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displays (Crosshatch* color bars* etc.) for use in adjusting 
display monitors connected to the VSVll/VSll system. Test 35 is 
a "Configuration Typeout" routine which prints out on the console 
terminal the Image Memory and Sync configuration (.I.e. » number of 
memory and sync channels/ number of bits in each memoryi and 
scanning mode). 

Tests 1 through 32 can be run automatically in sequence* with 
individual test failures (errors) indicated on the console 
terminal (not the VSVll/VSll graphics monitor). Any test can 
also be called up and run individually. Tests 33 through 35 mrtt 
aliuays "standalone" tests and cannot be run with other tests 
selected. 

After the diagnostic is loaded and running* no operator 
intervention is required beyond the initial start-up dialog 
(selection of units* etc. ). Operator intervention is only 
required to call up and run the "standalone" tests. 

As th» diagnostic runs.- some of the tests provide visual patterns 
on the graphics monitor. Observation of these patterns is 
necessary to verify operation of circuits which are inaccessible 
to the program. 

Refer to the diagnostic listing for details on loading and 
running the diagnostic and for a description of each test. 



7.4 FAULT ISOLATION (TROUBLESHOOTING) 

Troubleshooting is carried out with the aid of the diagnostic 
program and the two Symptom/Cause/Corrective Action tables 
presented below. There are two basic classes of problems which 
can occur: 

1. Program-detected faults* which result in an error report 
printout* use Table 7-1 to aid in isolating the fault. 

2. Visually-detected faults* which do not result in an 
error report but cause a corrupt or non-existent display 
on the graphics monitor* Table 7-1 covers general video 
problems and can be used when a Monochrome monitor 
(VTIOO) is being used* if a Color monitor (VRV02) is 
being used* use Table 7-2 to aid in isolating video 
faults. 

In the listing of problem symptoms in the tables* the causes and 
corrective actions are given assuming that no symptom appearing 
earlier in the table is present. Therefore* during 
troubleshooting always scan the appropriate table from the 
beg inning. 

When using the tables* refer to the diagrams in Chapter 2 for 
location of system components (switches* jumpers* potentiometers) 
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and prapvr setup of the tuiitchvs and jumpvrt. Not* thati in th» 
tablffs* tha word "potantlomatar" is shortanad to "pot". Uhan 
daaling uiith tha VRV02 monitori tb^^t to tha Hitachi monitor 
manual. Whan daaling iha tha VTIOO, rafar to tha VTIOO Ttchnical 
Manual. 

If* in tha troubleshooting charts* it is indicated that a cable 
is to be disconnected* be sure to reconnect the cable before 
proceeding to another step. If a module is to be removed or 
swapped* make sure that pouiar is OFF before action is taken. 
When disconnecting or connecting cables* it is not necessary to 
remove power. Note that* when referring to module pins 
(fingers)* the pin number is given with respect to the module and 
not necessarily the backplane* ie. * if the modules are installed 
in a DDVll Hex-height backplane* module pins in the A through D 
slots appear as backplane slots C through F* respectively. 

If several actions are listed for troublshooting a particular 
problem* stop after the step that appears to fix the problem. In 
all cases* after a problem is fixed* always run the entire 
diagnostic to make sure that other problems did not arise. 

Before proceeding with troubleshooting* it is wise to verify that 
all proper voltages aT9 present on the backplane (Paragraph 2.4). 
In addition* refer to Paragraph 7.5 for a procedure to assure 
proper quality of video output signal when usir.g the VRV02-BA/BD 
monitor. 

Note that backplane problems can cause a variety of failures* 
some of which masquerade as module problems. If the normal 
troubleshooting steps do not seem to isolate a problem to a 
particular component* suspect the backplane. In such cases* 
carefully inspect the backplane for broken or bent pins* broken 
wires and insulation* broken or shorted etch* solder splashes/ 
and faulty connector slots. It may be helpful to remove all 
modules and vacuum and clean the connector slots. 

Before replacing a defective module with one from spares* make 
sure that the switches and jumpers on the replacement module are 
configured like those on the faulty module (if the faulty module 
had indeed been working at one time). If there is doubt as to 
the correct settings of switches and jumpers* refer to the setup 
procedures in Chapter 2 and verify the settings. 
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Table 7-1 
Basic Troubleshooting Chart 



1 SYMPTOM 


1 CAUSE(S) 

{ 


1 CORRrCTIVE ACTION 1 

1 1 


1 Bus Hung* 


1 

I Bad M7064 


! ! 
! Replace M7064 (assumes system ! 


i Can't Boot 


1 Display 


1 is OK without VSVll/VSll). 1 


i System 


1 Processor 
i 


1 1 
1 1 




1 

! Bad DWil 


1 1 
! Disconnect the cables from the ! 




1 Unibus-to- 


1 M8217 module; replace M8217 if ! 




1 LSI-11 Bus 


1 the problem persists. If dis- I 




1 Converter 


! connecting the cables fixes i 




1 (VSll) 


1 the problem* reconnect the ca- ! 

I bles to the M8217 and disconn- 1 

1 ect them from the M9403; if 1 

' the problem persists* replace ! 

! the cables Remove the M9403 ! 

and reconnect the cables; if ! 

' the problem persists* replace ! 

the M9403. Swap the M7064 and 1 

reinstall all modules; if the i 

problem persists* inspect the ! 

backplane and replace it if 1 

necessary. ! 


1 "Dead" 


. Address 


Verify settings of switches on ! 


1 VSVll/VSll 


' switches on 


DIP switch pack E31 of M7064. 


i (Non-Exist- 


M7064 




i ent device 


improperly 




1 register) 


set. 






No Timing 


Verify* with oscilloscope or ! 




(VBUS signal 


logic probe* that B-CLK (80 nS • 




B-CLK): Bad 


square wave) is present on pin ! 




M7061 Sync 


DSl of M7064 and DS2 of M7061 1 




Generator* i 


(FSl, FS2 if DDVli backplane). 1 




backplane* or i 


If it is on neither pin and ! 




other module. I 


external sync is being used* i 
verify that the external sync 1 
source is being applied to the •' 
M7061* adjust pot R48 on the I 
M7061* if the problem persists ! 
replace the M7061. If the 1 
problem still persists* either ! 
the backplane is bad or one of 1 
the other modules is loading • 
the signal. Remove all modules ! 
except M7061 and check pin DS2 ! 






again. If signal not present* ! 
the backplane is faulty. I 




Wrong Grant ! 


Make sure that G7272s* not I 


1 


Card ! 


0727s* are used on the bus. 1 
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Table 7-1 (cont'd) 
Basic Troubleshooting Chart 



1 SYMPTOM 1 


CAUSE(S) 1 

1 


CORRECTIVE ACTION 


1 "Dead" 1 


Bad M7064 (if ! 


Replace M7064. i 


I VSVll/VSll 1 


B-CLK present) 1 




! (Cont'.d) 1 








Bad DUll ! 


Verify that M7061 is receiving { 




(VSll): Faulty ' 


■H2V (pin CD2). If not, verify 1 




M8217, M9403 


that M9403 is receiving +15V I 




or BC05L 


(pin ASl); if not, adjust or 1 




Cables 


replace mounting box pouier ! 
supply. If -t-lSV is OK, adjust I 
regulator on M9403. If ad- 1 
justment does not fix problem, \ 
replace M9403. If problem per- ' 
sists, M9403 is faulty, so re- 1 
place it. If problem persists, ! 
replace M82i7, BC05L cables 1 
and M9403, in that order. 1 


! "Hung" 


' No Timing, bad 


See actions for related items 1 


1 VSVll/VSll 


, M7061, bad 


in previous table block (for ! 


1 (all reg i- 


1 M7064 or bad 


' "Dead" unit). 1 


1 sters zero) 


1 backplane 


——_—__—_ _______«_—— • 


I Tests 1-3 


; Bad M7064 


Replace M7064 module. i 


I Fail: DPC 


1 Display 


1 


1 Nonzero or 


! Processor. 




1 DSR not 






I 100000. 






1 Tests 1-3 


1 Bad M7064 


1 Disconnect DBUS cable from I 


1 Fail: CSR 




1 M7064i if problem persists, 1 


1 Error Code 




1 replace M7064 module. I 


1 = "DBUS 






1 Signal 


1 Bad DBUS Cable 


1 Disconnect DBUS cable from all • 


1 Hung" or 




1 modules except M7064i if prob- I 


i "DBUS Data 




! lem persists, swap DBUS Cable. I 


i Read/Write 






! Error" 


! Bad M7061: 


1 Verify setup of W5 through WSi; I 




1 Channel Select 


1 US and W6 must not both be IN, 1 




1 jumpers wrong; 


1 and W7 It ViB must not both be 1 




1 or i llegal ly 


I IN. If jumpers OK, disconnect 1 




1 driving DBUS. 


1 DBUS cable from M7061i if this 1 
1 fixes problem, swap M706i. ! 




; Bad M7062: 


1 Verify setup of W3 through W6; 5 




! Channel Select 


; \43 and U5 must not both be IN, i 




1 jumpers lurong; 


1 and Ui4 and W6 must not both be • 




! or il legall y 


! IN. If jumpers OK, disconnect 1 




1 driving DBUS. 


! DBUS cable from M7062i if this 1 
i fixes problem, swap M7062. I 
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Tablt 7-1 (cont'.d) 
Basic Troubleshooting Chart 



SYMPTOM 



CAUSE (S) 



CORRECTIVE ACTION 



Tests 1-3 
Fail: CSR 
I Error Code 
= "VBUS 
Signal 
Hung" 



Bad Module or I The VBUS is the C-D Intercon- 
Backplane S nect on the backplane. Only 

the M7061 Sync Generator 
drives VBUS signals monitored 
by the M7064 Display Proces- 
sor. Houiever< any of the mod- 
ules or the backplane could be 
shorting a signal or causing 
an open. The M7064 cannot run 
with any modules removed/ so 
one module at a time must be 
swapped and the system retest- 
ed. If the problem persists* 
check the backplane pins and 
slots for shorts and bad con- 
nections. 



Tests 1-3 
Fail: Any 
Error Code 
other than 
above* or 
incorrect 
reg ister. 



Bad M7064 
Display 
Processor 
module 



Bad Timing 
from M7061 



Replace M7064 module. 



If External Sync is being 
used* adjust pot R48 on M7061. 
If problem persists* replace 
i M7061 module. 



Jog stick 

Switch 

Interrupt 



module 



Replace n706i module. 



Errors in 
Tests 1-12 



Bad M7064 
module. 

Bad MB217 
(VSll) 



Replace M7064 module. 



Replace M8217 



Tests 
13-15: 
Interrupt 
to wrong 
vector 



Incorrect 
setup of 
I vector 

switches on 
M7064 (E43) 

Bad M7064 



Verify/Correct 
E43. 



Replace M7064 



switches 



on 
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Tablt 7-1 (cont'd) 
Basic Troubleshooting Chart 



SYMPTOM 


CAUSE (S) 


CORRECTIVE ACTION 1 


Mhsn 


Bad M7064 


Replace M7064 ! 


running in 






DPU-Only 


Bad Timing 


If External Sync is being 1 


Model ang 


from M7061 


usedi verify that signal is I 


error in 


Sync Generator 


applied from VTIOO or VRV02. 1 


Tests 1-22 




If problem persistsi adjust ! 
R48. If problem persists. ! 
replace M7061. 1 


Tests 


Bad M7062 


Verify that jumper 142 is IN on 1 


17-27: 


Image Memory 


all M7062'.si if it is, note 1 


Image 




the failing channel and swap ! 


Memory 




M7062 modules in that channel ! 


SYNC 




one at a time. ! 


Timeout 






(Not DPU- 






Only Mode) 








. Bad DBUS Cable 


Replace DBUS cable S 


Error in 


1 Bad M7061 


Note channel ir error and 1 


Test 23 




replace M7061 for that ! 

' channel. If error is 1 
unexpected Suiitch interrupt or I 
Flagi the H3060 Joystick or ! 

t cable could be faulty. ! 




Bad DBUS Cable 


' Replace DBUS cable. i 


Tests 


Jumpers Wl 


Verify that Wl and W2 are I 


28-30: 


1 and/or W2 not 


, installed on all M7062'.s. 1 


SYNC or 


' installed on 




DATA 


' M7062 




AVAILABLE 






Timeout or 


Bad M7062 


Replace. M7062 1 


Hung DBUS 






Signal 


; Bad DBUS Cable 


. Replace DBUS Cable 




' Bad M7064 


! Replace M7064 I 


Test 28 or 


' Bad M7062 


'- Note the channel and data bits I 


30 Fails: 




1 in error. Replace M7062i the 1 


Consistent 




! bad module is determined by ! 


Data 




! the Channel Select jumpers. W3 ! 


Errors 




! through \46i and the switches ! 


(Same RAM 




1 on E59; refer to Table 2-14 or 1 


Group ) 




1 2-15. 1 
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Table 7-1 (cont'.d) 
Basic Troubltshooting Chart 



SYMPTOM 



CAUSE (S) 



CORRECTIVE ACTION 



Tests 

28.30: 

Random 

Data 

Errors 



Bad Timing 
from M7061 



If External Sync being used/ 
verify that signal is applied 
from VTIOO or VRV02. If 
problem persists/ adjust R48. 
If problem persists/ replace 
M7061. 



Error in 
Test 29 



Bad M7062 
( Interlace 
Mode Control 
Logic } 



Note the failing memory 
channel and replace M7062. If 
tuio M7062'.s are used in one 
channel/ suap one at a time. 



Test 32: 
No Display 
Present 



Monitor 
faulty/ video 
cab le 

connections 
incorrect, or 
switches on 
E49 of M7062 
not set 



If the monitor is VRV/02/ refer 
to Table 7-2. If monitor is 
VTIOO/ proceed as follouis: 
Verify all video cable connec- 
tions. Verify that the VTIOO 
video circuitry is working by 
pressing SET-UP on the key- 
board. If no display is pre- 
sent/ adjust the Brightness 
control in the VTlOOi if dis- 
play is still absent/ consult 
the VTIOO Technical Manual. If 
the SETUP frame appears/ check 
the video cable by swapping 
one wire uith another. Run 
Test 33 in the diagnostic. If 
only the cursor appears/ the 
problem is in the M7062 Image 
Memory/ verify the switches on 
E49 of all M7062'.s. If the 
switches ar^ OK/ swap the 
M7062. If the problem persists 
swap the M7061. If even the 
cursor does not appear, swap 
the M7061. If the problem 
persists/ replace the VTIOO. 



Tests 
32-34: 
Disp lay 
Rolls 



Set-up of 
Monitor and 
M7061 not 
consistent 



Bad or Misad- 
justed M7061 
Sync Generator 



Verify that switch and jumper 
settings on M7061 for scan 
mode ( Inter lace/Non-Interlace ) 
and frequency (60/50Hz) cor- 
respond to Keyboard SET-UP 
selections. 

If Internal Sync mode is be- 
ing used/ swap the M7061. If 
External Sync mode is being 
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TabU 7-1 (conf.d) 
Basic Troublvshooting Chart 



SYMPTOM 


CAUSE(S) ! 


CORRECTIVE ACTION 


Test* 




used (as with VTIOO or VRV02). 


32-34: 


. 


proceed 


as follows: Make sure 


Disp lay 




externa 


1 signal is being 


Rolls 




app lied 


to M7061 from VTIOO or 


(Conf.d) 




VRV02 


Keyboard Interface; 






check 


power It cables. Uith a 






display 


present* halt the CPU. 






Then a 


djust pot R48 on the 






M7061. 


If the display will not 






stabilize at any position of 






the po 


t, swap the M7061. If 






the pro 


blem persists* swap the 






video 


pigtail cable. If the 






prob lem 


still persists* the 






prob lem 


is in the monitor: 






refer 


to Table 7-2 if VRV02, 






or VTIOO Technical Manual. 


Test 32: 


Bad M7062, 


Replace 


M7062. M7061 or M7064, 


Disp lay 


M706i or M7064 


in that 


order. 


Present 








and Stable 








but Data 








Missing 


——._~— .—._—._ 






Test 33: 


Incorrect 


Verify 


switch settings. If 


Cursor 


settings of 


problem 


persists* replace 


Appears 


switches on 


M7062. 




but No 


1 E49 of M7062 






Test 








Pattern 


1 






Visible 








Test 33: 


Trimmers on 


Using a 


small screwdriver* re- 


Cursor 


' H3060 Joystick 


' fer to 


Figure 2-26 and adjust 


Drifts 


' not Adjusted 


' Trimmers on the H3060. If the 






cursor 


drifts up or down* move 






. the Vertical Balance Adj. (to 






the rig 


ht of the joystick). If 






the cursor drifts to the left 






or rig 


ht» move the Horizontal 






Balance 


Adj. 




Bad M7061 


' Replace 


M7061 




(Cursor Cont- 








rol, -5V Con- 








verter. Fuses) 
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Table 7-1 (conf.d) 
Basic Troubleshooting Chart 



1 SYMPTOM 


I CAUSE (S) 

1 


1 CORRECTIVE ACTION 


1 Test 33: 


I Bad Cable/ 




Verify cable connections. If 


j No Suiitch 


! H3060 




problem persists* replace 


I or Match 


! Joystick' 


or 


H3060. If problem persists* 


1 Interrupt 


1 M7061 




. replace M7061. 


i When 








! Switch 








1 Pressed 








1 Test 35: 


! Incorrect 




Verify Switch and Jumper 


1 Configura- 


! Switch and 




' settings. 


I tion Not 


' Jumper 






1 As 


1 Settings on 




! Expected 


1 M7062 and/ 
I M7061 


or 






Bad M7061 


or 


Replace M7061 or M7062. 




M7062 






• Video too 


Misad juste 


d 


If monitor is VRV02i refer to 


1 dim or too 


Monitor 




Table 7-2. If monitor is VTIOO 


I bright 






adjust intensity via keyboard 
SET-UP with up and down arrow 
keys. If that adjustment is 
not sufficient* adjust the 
internal Brightness control. 




Pot R9 on 




If the monitor is a VRV02# re- 




M7061 




fer to Table 7-2. If the moni- 




Misad juste 


d 

1 


tor is a VTIOO* adjust pot R9 
counter-clockuiist to increase 
the video amplitude or clock- 
wise to decrease the ampli- 
tude. If necessary* readjust- 
the brightness of the monitor* 
noting especially the rela- 
tionship between keyboard vid- 
eo and graphics video. Several 
iterations may be required. 


1 Test 33: 


Incorrect 


1 


Refer to Table 2-13 and verify 


1 Incorrect i 


Jumper 


1 
1 


that jumpers WIO* kill* U16 and 


1 Cursor 1 


Settings on ; 


W17 are correctly set. If they 


1 Size or 1 


M7061i or 


Bad ! 


are and the problem persists* 


1 Color 1 


M7061 


1 


swap the M7061. 
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Table 7-1 (cont'.d) 
Basic Troubleshooting Chart 



SYMPTOM 



CAUSE(S> 



CORRECTIVE ACTION 



Test 34: 
Incorrect 



Incorrect 
Settings of 



Verify settings on E49i r 
to Tables 2-14 or 2-19. 



ef er 



Number of 1 


Suiitches on • 




Shades/ 


DIP Pack E49 




Colors 


on M7062. 




Present 








Incorrect 


Verify connection of video 




Connection of 


cables. 




Video Cables 






Incorrect 


Verify jumpers W21 and W22. If 




Setting of W21 


problem persists* replace 




or U22 on 


M7061. 




M7061, or Bad 






M7061 






Monitor Out of 


If the monitor is VRV02 refer 




Adjustment 


I to Table 7-2. If the monitor 
1 is VTiOO* adjust the 
1 brightness* as described in 
1 previous section. 


Display 


Monitor Out of 


1 If the monitor is VRV02f re- 


Distorted 


Adjustment 


' fer to Table 7-2. If the mon- 


or out of 




' itor is VTlOOi adjust the Ver- 


Focus 




tical Linearity* Height* and 
Focus controls on the video 
board in the VTIOO case. 


Test 34: 


. Bad M7061 


Replace M7061 


No Blink 


1 




Test 34: 


1 Incorrect 


1 Refer to Table 2-13 and verify 


Incorrect 


' Jumper 


1 that jumpers W12 through yi4 


Blink Rate 


' Settings on 


' are correctly set. If they are 




M7061; or Bad 


I and the problem persists* swap 




M7061 


• the M7061. 
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Table 7-2 
Vid»o/VRV02 Monitor Troubleshooting Chart 



SYMPTOM 



CAUSE 



CORRECTIVE ACTION 



No raster. 



No pouer. 



Check 
pouer 
cord. 



pouier 
outlet. 



switch. 
Check 



Check 
pouier 



No raster. 



Color gun 
switches off 
in monitor. 



Turn on the individual color 
gun control switches at the 
upper right corner of the 
monitor drawer. 



No raster, 



Monitor supply 

power 

1 imi ting. 



Disconnect video cablesi turn 
contrast and brightness 
controls off. Cycle power 
switch once slowly and then 
slowly increase brightness. 
Reconnect video cables. 



No raster. 



Drawer 

connectors not 
connected. 



Check all connectors in the 
drawer^ at the power supplyi 
and at the CRT tube neck. 



No raster. 



Broken or 

damaged 

wiring. 



Check wires extending between 
drawer and the rest of the 
monitor for broken or chafed 
insulation. Especially examine 
the wiring for shorts or 
broken wires. 



No raster 



Brightness 
controls 
misad justed 



See adjustment 
balance. 



for white 



No raster. 



Blown fuse. 
Check fuse and 
replace. Find 
cause of blown 
fuse. 



Check 


that the 1 


selection plug 


correct 


for the ope 


voltage 


A char 


monitor 


manual d 


proper 


power sup 


selecti 


ons. Check 


shorts 


or brok 


Replace 


the monitor 


it con 


tinues to 


replace 


the power 


it sti 


11 blows fus 


the CRT 





ine voltage 
CN 802 i s 
rating line 
t in the 
etails the 
ply jumper 

for wiring 
en wires. 

dTa\ueT. If 
blow fusesi 

supply. If 
esi replace 
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Table 7-2 (cont'.d) 
Video and VRV02 Monitor Troubleshooting Chart 



SYMPTOM 



CAUSE 



CORRECTIVE ACTION 



No 


ras 


ter. 


' Failing drawer 

' module or 

■ power supply. 


Replace the drawer firstr and 
1 then the power supply. 


No 


vid 


eo. 


• Contrast level 
■ too low. 


Turn the Contrast control 
c loc kwise. 


No 


vid 


eo. 


1 Monitor 
1 improperly 
1 cabled to 
I M7061, or 
1 setup not 
! consistent. 


' Connect the monitor cables as 

' described in Chapter 2. Ensure 

! that the M7061 switches are 

' consistent for the require- 

! ments of the installation. For 

, instance, if the VS/VSVll is 

t to be synchronized to an 

1 external source^ the external 

1 source must be cabled, and the 

switches and jumpers of the 

M7061 module must be correctly 

set. If only one monitor is 

being driven by the VS/VSVll 

the cables must be terminated 

1 with 75 ohms. If Jiore than one 

monitor is being driven with 

the same cablei then the last 

monitor must be terminated and 

all others must be set to a 

high impedance input. Switch 

the impedance switch on the 

back of the VRV02 monitor to 

75 OHMS or HIGH as necessary. 


No 


vid 


eo. 


. The color gun 
control 
switches in 
the monitor 
are off. 
— — — — i—.— — — _ .___ 


Turn the gun control switches 
in the monitor drawer on. 


No 


vid 


eo. 


M7062 memory 
board switches 
off or improp- 
erly set. 


Run the diagnostic Test 33, 
Manual Joystick Test. If the 
cursor is displayed, and is 
white (or the color selected 
by the jumpers on the M7061 
module), but no memory data is 
displayed, then the video data 
is not getting to the M7061 
module. The most likely cause 
for this would be the M7062 
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Table 7-2 (cont'.d) 
Video and VRV02 Monitor Troubleshooting Chart 



1 -SYMPTOM 1 CAUSE 1 CORRECTIVE ACTION 1 


1 No video. ! ! switches closest to the edge ! 
1 CONT'.D 1 I fingers (E49). The switches at 1 
! i ! the top and bottom of the ! 
I ! M7062 module should be set the ! 
! ! ! same. See Chapter 2 for the I 
I ! 1 proper switch selection. The • 
I ! I switches at the top of the ! 
! 1 • module are as important as i 
! • ! those at the bottom* but the ! 
i I ■ diagnostic can test the ! 
1 i • switches at the .module top. ! 
I I ! The top switch settings can be 1 
1 1 1 verified by running Test 35 of 1 
I 1 ? the diagnostic. In the report. J 
1 1 'those video data bits which! 
! 1 I are active indicate closed 1 
I 1 ! switches. • 


I No video 1 The VIDEO OUT 1 Connect the Keyboard Interface 1 
1 from the i cable from the 1 directly to the monitor* VIDEO 1 
1 keyboard. 1 Keyboard 1 OUT to Green input. Pressing 1 
1 1 Interface is 1 SET-UP should present the 1 
! 1 missing or the 1 familiar VTIOO display in ! 
! I cable has a ! green on the CRT. If the dis- I 
! • broken wire* ! play is not present* swap 1 
! ! or the logic ! conductors within the video 1 
! i module in the ! cable. If the display appears* 1 
1 1 Keyboard 1 replace the video cable. If ! 
! I Interface is • still not present replace the 1 
! ! bad. ! keyboard interface module. ! 


! No video 1 Pot R48 at the 1 Pressing SET-UP should present ! 
1 from the ! top edge of i the familiar VTIOO display in 1 
1 keyboard. 1 the M7061 1 green on the CRT. If the VTIOO 1 
I • module is set I display is present adjust pot • 

• I improperly. 1 R4B on the M7061 module (see ! 
J i ! Figure 2-7). Rotate it 1 
> > 1 counter- clockwise to increase ! 
' ! • the keyboard video level. This ! 

• 1 ! pot also controls the gain of I 

• 1 1 the external sync source 1 

• 1 1 amplifier. Too low a setting ! 

• I 1 will cause random failures \ 
•' • 1 such as loss of sync. 1 
! • i Increasing the setting further ! 
S ! ! than necessary will cause ! 

• I I failures in noisy environments 1 
\ \ 1 because the M7061 will try to 1 
1 ! ! sync to the noise. ! 
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Table 7-2 (conf.d) 
Video and VRV02 Monitor Troubleshooting Chart 



SYMPTOM 



CAUSE 



CORRECTIVE ACTION 



Keyboard 

video 

intensity 

is 

adequate* 

but 

graphics 

video is 

too dim. 



Pot R9, half 
way down the 
M7061 module 
on the right 
sidei may be 
set too low. 



Rota 

wise 

ampl 

care 

affe 

ampl 

coun 

the 

c loc 

ampl 

ampl 

of 

will 

sync 

This 

perf 

proc 

d iag 

numb 

that 

str i 

sect 

shoo 

whit 

keyb 

brig 

vide 

boar 



te pot R9 counter- 
to increase the 
itude. This must b 
fully# as this po 
cts the sync 
itude. Rotating th 
ter- clockwise dec 
sync amplitude* 
kwise increases th 
itude. Decreasing th 
itude below a signal 
approximately 0.3 
cause the monitor t 
and the picture to 
pot can be s 
orming the fol 
edure. Run Test 34 
nosticf select d 
er 3* adjust the 
the right— most ve 



pe 

ion 

ting 

e 

oard 

ht, 

o 

d 



with 
edge. 



is white (Se 
of thib tr 
chart dealing 

balance. ) If 
video is sti 

decrease the ke 
pot R48 a 



clock- 
video 
e done 
t also 
pulse 
e pot 
reases 
and 
e sync 
e sync 
level 
volts 
o lose 
roll, 
et by 
lowing 
of the 
isplay 
pot so 
rtical 
e the 
ouble- 
with 
the 
11 too 
yboard 
t the 



No video 



The CRT color 
video gains 
are set too 
low. 



The gains o 
Green video 
monitor are 
controls can 
diagram on 
cover/access 
adjust the 
Set these 
These contr 
of the dis 
intensity o 
by rotating 
gain pot cl 
pot is at 
travel an 
requires st 
color* balan 
by reducin 
col or gains. 



f the Red* Blue or 

amplifiers of the 

adjustable. These 

be found from the 

the monitor drawer 

panel. Do not 

BACKGROUND GAIN. 

gains carefully. 

ols set the color 

play. Increase the 

f a specific color 

that amplifier's 

ockwise. If a gain 

the end of its 

d the display 

ill more of this 

ce can be achieved 

g the other two 
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Table 7-2 (cont'.d) 
Vidto and VRV02 Monitor Troubleshooting Chart 



SYMPTOM 



CAUSE 



CORRECTIVE ACTION 



No video 
or milting 
color. 



Disconnected 
or bad video 
cable uiire. 
Partially 
seated or bad 
suiitch on a 
M7062 memory 
module. Poorly 
seated memory 
or M7061 sync 
module. Poorly 
seated or bad 
OBUS cable. 



the wire 
swapping it 
other wires 



Provided that the previous 
test in this table for the 
joystick cursor showed that 
the M7061 module was driving 
all three video cables/ 
perform the following tests: 
Check the video cable wire 
connections for the color 
missing and reconnect. Test 
continuity by 
with one of the 
in the multiple 
conductor video cable. Re-seat 
the switches on the M7062 
memory modules and verify 
their proper settings. The 
switches at both the top and 
bottom of each memory board 
be set the same, 
the memory and sync 
The diagnostic can 
a bad DBUS cable or 
Seat the cable and 
If the problem 



should 

Re-seat 

modules 

report 

connection 

re-test. 



persists swap the cable and 
re-test. Replace the cable or 
the memory module as neces- 
sary. The failing memory board 
in a Non-interlaced system is 

WIIW UIIV «WUI V99VU TWI W 1 1 a W 

channel. The failing memory in 
an Interlaced system is one of 
two addressed for that 
channel. If the missing color 
is either red or blue replace 
the module with switches 5 and 
6 closed. If the missing color 
is either of the green 
intensities replace the memory 
with switches 2 and 3 closed. 
It is unlikely that both or 
all bits of the display system 
would go bad at the same time 
so be sure to check memory 
module seating and switches. 
If after swapping modules and 
cables the data is still 
missing* it is possible that 
the backplane is bad. 
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Tablt 7-2 (cont'd) 
Vidffo and VRV02 Monitor Troub Itshooting Chart 



SYMPTOM 



CAUSE 



CORRECTIVE ACTION 



No video 
or missing 
color. 
CONT'D 



Vacuum tht card slots and 
retry the modules. Examine the 
pins of the backplane connec- 
tors in the memory and the 
sync module slots. If 
warranted replace the 
backp lane. 



Video 
mi ss i 
from 
or mo 
parti 
pixel 
the 
d iagn 
may r 
an er 
in ei 
memor 
set/c 
or me 
patte 
test. 



IS 

ng 
one 
re 
cular 

s and 

ostic 
epor t 
ror 
ther 

y 

lear 
mory 
rns 



The mem 
have a 
chip or 
read ci 
is fail 
The dia 
uii 11 re 
errors 
incorre 
read fr 
memory 
Houjever 
unab le 
detect 
in the 
path fr 
point J 
before 
bottom 
suii tche 
on the 
through 
bac kpla 
through 
sync mo 
to the 
d isp lay 
the dia 
is not 
report i 
errors 
d isp lay 
missing 
the pro 
most li 
th is pa 



ory may 
bad ram 

the 
rcuitry 
ing. 

gnostic 
port 
from 
ct data 
om the 
array. 
# it is 
to 

errors 
data 
om a 
ust 
the 

s (E49> 
memory! 

the 
nei 

the 
dulei 

. If 
gnostic 

ng 

but the 
has 
data* 

blem is 

kely in 

th. 



Examine the error report 
listing of the diagnostic. 
Look for a specific address or 
ram bank uihich consistently 
errors. If you can identify a 
series of discrete addresses 
or one ram consistently in 
error replace the memory 
module. The module to be 
replaced is identified from 
the diagnostic error listing. 
Identify the memory channel. 
(A complete 1 sting of the 
memory and sy.iC channels can 
be obtained from the configu- 
ration type-out test of the 
diagnostic. ) Use the charts in 
Chapter 2 to identify the 
memory channel jumper 
configuration for the memory 
channel uihich fails. If the 
system is configured Non- 
Interlaced< uith 4 video data 
bits* only one M7062 module 
should assigned per channel. 
Check that there is only one 
and replace that module. If 
the system is configured 
Interlacedi the data bit(s> in 
error identify uihich memory of 
the tujo possible per channel 
is bad. If bits 9 or 8 error, 
replace the memory of the 
indicated channel which has 
it's switches l,2i3i and 4 
set. If bits 7 or 6 error 
replace the other module. 
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Table 7-2 (cont'.d) 
Video and VRV02 Monitor Troubleshooting Chart 



1 SYMPTOM 


I CAUSE 
1 


CORRECTIVE ACTION 1 
1 1 


! Video is 


1 

1 
1 


1 1 
1 If the diagnostic does not I 


! missing 


! 


! indicate an error and the ! 


I from one 


1 


1 screen has missing pixels/ • 


1 or more 




1 identify the missing color or • 


I particular 




1 shade. Use the monitor gun I 


1 pixels. 




i switches at the upper right i 


1 CONT'.D 




1 corner of the monitor drawer I 

1 to respectively turn only one ! 

1 or possibly two guns on at a I 

I time until the missing color 1 

I or shade is identified. Check 1 

! the cable and connections for ! 

1 that color. Identify the I 

1 channel driving that monitor. ! 

1 and in sequence replace the • 

1 memory and then the sync ! 

1 module. The memory module to 1 

! be replaced is identified by ! 

1 its switch settings. If 1 

1 switches 3 and 4 are set that ! 

' memory stores the most- and I 

1 least- significant green bits/ ! 

' respectively. Switches 5 and f> ! 

store red blue/ respectively. ! 

(For monochrome displays 1 

switch 3 is the most • 

significant bit and switch 6 ! 

is the least. ) If swapping the ! 

memory does not restore the I 

missing data swap the sync I 

module. Finally^ examine the i 

backplane. ! 


1 The 


The daisy 


Reseat or replace the DBUS 1 


1 display 


chained DBUS 


cable. ; 


! appears to i 


cable has a 




I be missing 1 


bad connection 




1 every 1 


or a broken 




1 other 1 


wire for the i 




1 pixel on a ! 


least 


S 


1 horizontal 1 


significant 1 




! line. 1 


data bus bit. 1 




! No sync: 1 


The Sync 1 


Set the sync select switch to ! 


i The image I 


Select switch { 


the Composite Sync (SYNC 1 


1 rolls ver- ! 


at the monitor I 


COMP. ) input position. The I 


I tically or ! 


rear is set 1 


monitor will now derive its 1 


I horizon- 1 


for External 1 


sync signal from the Green I 


I tally. ! 
1 1 


input. ! 

J 


input. I 
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Table 7-2 (cont.d) 
Video and VRV02 Monitor Troubleshooting Chart 



SYMPTOM ! CAUSE 1 CORRECTIVE ACTION 


No sync: 1 The monitor 1 For a rapid check try the 
Picture I may not be I other tuio cables to see if one 
rolls 1 correctly 1 of them has green on it. Note 
horizon- 1 wired either 1 that the VS/VSV must be 
tally and I at the monitor I generating a display to see 
vertically 1 or the M7061 1 "green". Run Test 34 of the 
and shows ! module. I diagnostic and select the Gun 
no green. 1 ! Identification displayi 
1 1 selection 7. 


No sync. 1 The system is I Power or connect the external 
1 configured for ! sync source to the VS/VSV. 
I an external ! This might be the Keyboard 
I sync source 1 Interface. 
! and the source 1 
1 is not powered 1 
1 or not 1 
i connected. I 


No sync 1 The switches 1 Check the switch settings and 
1 on the M7061 1 the jumper con' iguration and 
1 sync module I reseat the modu Any of the 
1 are mis-set. I switches of the M7061 module 
1 1 can cause this problem except 
1 1 switch 10» which isn't used. ) 


No sync ! The Keyboard 1 Select SETUP B on the Keyboard 
! user-selected 1 and specifically set the 

1 differ from 1 Interlaced and 60 Hz 

1 those selected 1 functions. Refer to Chapter 2. 

1 by the M7061 

! sync board ! 

1 switches. I 


No sync 1 The external 1 The external sync source must 
1 sync source is 1 have equalization pulses 
1 not RS-170 1 during its vertical sync 
1 compatible. I pulse. It must also conform to 
• 1 the frequency variation 
1 1 tolerance of the RS-170 
! '.specification. 


No sync 1 The M7061 sync 1 Adjust pot R9 on the right 
I output level ! side and half way down the 
1 is too low. 1 M7061 module clockwise to 

• 1 Thisi however* decreases the 
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Table 7-2 (cont'.d) 
Video and VRV02 Monitor Troubleshooting Chart 



SYMPTOM 1 CAUSE 1 CORRECTIVE ACTION ! 
! ! ! 


1 i ! 
No sync. I ! video amplitude on the * 
CONT'.D ! i Composite Video (Monochrome/ 1 
1 ! Green) and VTIOO Outputs. 1 
1 1 Adjust this pot with care. Too 1 
i i much either way and the image ! 
i 1 may roll. ' 


— — — ————— , ————— — — — , — — — — —— , 

No sync 1 The gain of 1 Adjust pot R48 on the top edge ! 
1 the external ! of the M7061 sync module ! 
! sync source I clockwise until either the 1 
! input 1 raster of horizontal back- I 

• amplifier on 1 ground lines on the monitor 1 
I the M7061 is ! stabilizes or the pot has had i 
! low. ! 25 turns (to the end of its ! 

• I travel). Adjust the pot ! 
1 I counter- clockwise until the 1 
1 1 raster stops rolling. Finally/ 1 
! ! adjust the pot clockwise until 2 

• • the display rolls* then back ! 
I 1 off the pot counter- clockwise I 
I 1 by 3/4 turn. If the display I 
1 ! occasionally rolls continue I 
I ! adjusting the pot gradually 1 
1 I counter- clockwise. The ' 
! ! display should roll and then ! 
1 i stop each time the "80/132" ! 
! 1(9) key ispressedwhilethe! 
I 1 keyboard is in SETUP mode. ! 
I ! Should it not stop adjust the • 

• i pot clockwise. 1 


No sync: 1 The Vertical 1 Disconnect the video cable on ! 

The 1 Hold pot of 1 the Green monitor input. Ad- 1 

display is 1 the monitor is 1 just the Vertical Hold pot un- 1 

sync'.ed 1 misadjusted. 1 til the monitor raster is just I 

horizon- 1 The external 1 barely rolling. Reconnect the ! 

tally but 1 sync source '• Green cable. If the display ! 

rolls i amplifier gain 1 still rolls but occasionally ' 

vertically. 1 or the sync 1 drops into sync readjust the 1 

I level out is 1 monitor Vertical Hold. If the 1 

1 at too low a I display rolls without change * 

1 level for the 1 increase the output sync level 1 

1 system to I by turning pot R9. at right 1 

1 synchronize. I side of the M7061 module/ ! 

• 1 clockwise. This adjustment is ! 

• I nonlinear. The sync amplitude ! 
! 1 will increase then decrease as ! 
1 1 the pot is turned counter- 1 
i I clockwise from the end of its 1 
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Tabl« 7-2 (cont'd) 
Video and VRV02 Monitor Troubleshooting Chart 



SYMPTOM 



CAUSE 



CORRECTIVE ACTION 



No sync. 
CONT'D 



clockuiise limit. The video 
level uiill increase over the 
same pot travel. If the 
display continues to roll 
vertically but not horizon- 
tallyi adjust the external 
sync source gain poti R48i at 
the top edge of the M7061. 
This adjustment is covered in 
another section of this table. 



The 

d isp lay 

rolls 

hor i zon- 

tally and 

vertical ly 

and no 

ad justment 

seems to 

change the 

rate. 



No sync into 
the Green 
input of the 
moni tor. 



Connect the Keyboard Interface 
Video Output directly to the 
Green input of the VRV02. 
Adjust the Vertical and 
Horizontal Hold controls as 
necessary to get a stable 
display. If the display luill 
not stabilize replace the 
Keyboard Interface source uith 
a VTIOO Vide Output source. 
If the monitc display is noui 
stable replace the Keyboard 
Interface. If the display is 
not stable after again 
adjusting the Horizontal and 
Vertical Hold controls, 
replace the drawer of the 
VRV02. If the display can only 
be brought into sync uihen it 
is connected to the Keyboard 
Interface. either the video 
cabling or the M7061 sync 
module is bad. Use another 
conductor of the cable to 
verify the system connections. 
If the display still will not 
synchronize replace the M7061. 



The 

d i sp lay 

J i tters. 



The M7061 sync 
module 

switches and 
keyboard 
options are 
not set 
compat ib ly . 



Set the Keyboard SETUP 
functions for the same 
configuration as the M7061 
sync module switches. Refer to 
Chapter 2. Select SETUP B on 
the keyboard and set the 
proper state for the Interlace 
and 60 Hz functions. Check the 



_ £ i. 1_ _ 



State or the NGNINTERLACE siq- 
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Table 7-2 (cont'.d) 
Video and VRV02 Monitor Troubleshooting Chart 



, SYMPTOM 


CAUSE 


CORRECTIVE ACTION 1 


The 




nal in the VSV/VS by running 1 


display 




diagnostic Test 35 and ! 


jitters. 




observing the printout. If the ! 


CONT'.D 




sync module switches are • 
correct* but the backplane ! 
signal does not reflect the ! 
switch setting* one of the ! 
other modules of the system or • 
the backplane may be bad. Also I 
try reseating the switches. ! 


The 


The monitor 


Adjust the Vert Phase 2 ! 


display 


Vertical Phase 


control in the monitor drawer ! 


jitters. 


1 control is not 


until the raster lines of the ! 




adjusted 


image av barely visible. ! 




properly for 






Interlaced 






operation. 




Disp lay 


The monitor is 


Power the monitor from the 1 


jitters; 


probably being 


same supply as the host ! 


or large 


powered from 


computer. If the bars are no ! 


blank 


an ac supply 


longer present the previous ac 1 


hori zontal 


which has 


power source was disrupting I 


bars flash 


ground loop 


the display. Tie the computer 1 


randomly 


noise. 


power and the monitor power ! 


on the 




grounds together. If the bars ! 


display. 




are still present replace the 1 
M7061 sync module. • 


The 


The external 


Adjust pot R48 on the top edge ! 


disp lay 


sync source 


of the M7061 sync module 1 


jitters. 


gain may be 


clockwise. If the jitter gets ! 




set too clos6 


worse adjust the pot countei — ! 




to its upper 


clockwise. I 




or lower limit 


! 




of control. 




The 


The sync 


Adjust pot R9« halfway down I 


display 


output level 


the right side of the M7061 1 


jitters. 


to the monitor 


sync module* counter-clock- ! 




may be low. 


wise. Reverse direction if the 1 

. Jitter gets worse. 1 

____^_____»_ • 


The 


The phase 


— —————————————— 1 

Replace the M7061 module. If i 


display 


locked loop on 


the new sync module also 1 


J 1 tters. 


the M7061 sync 


causes the display to jitter* ! 




module cannot 


replace the drawer of the ! 




maintain lock. 


VRV02. 1 
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Tabl« 7-2 (cont'.d) 
Vidvo and VRV02 Monitor Troubltshooting Chart 



SYMPTOM 



CAUSE 



CORRECTIVE ACTION 



Disp lay 
is not 
centered 



The Vertical 
and Height 
controls of 
the mon'itor 
need adjust- 
ment. 



Adjust the appropriate 
\ position controls in the VRV02 
I monitor drauer. The controls 
avB labeled in the louier left 
corner of the monitor drawer. 



Disp lay 
is not 
centered 



The Vertical 
Blank/ 
Horizontal 
Phase* and 
Hor i zontal 
Blank controls 
of the monitor 
need adjust- 
ment. 



Adjust the 
controls in t 
drawer. The 
control blan 
greater or 1 
the top of the 
Vertical Blank 
uihen the monit 
a Non-Interl 
first line 
appears to s 
When the monit 
an Interlaced 
vertical blan 
line starts i 
of the screen 
Phase contr 
display to th 
Adjusting the 
the display t 
eventually ca 
wrap around o 
The Horizonta 
will blank o 
or lesser amo 
edge of the sc 



appropriate 
he VRV02 monitor 

Vertical Blank 
ks or deletes 
esser amounts of 

screen. Set the 

control so that 
or is displaying 
aced image the 
of the display 
tart off screen, 
or is displaying 
image adjust the 
k so the first 
n the top center 
The Horizontal 
ol moves the 
e right or left. 

control to move 

the right will 
use the image to 
n top of itself. 

1 Blank control 
r delete greater 
unts of the left 
reen. 



Disp lay 
size: The 
image is 
too big or 
too small. 



The Vertical 
and Horizontal 
Size controls 
need adjust- 
ment. 



Adjust the appropriate 
controls in the monitor. 
Adjust the Height control to 
make the image larger from top 
to bottom. Adjust the Width 
control to make the image 
wider from side to side. 



Disp lay 
size: The 
image is 
missing 
the top 
20-30 
1 ines. 



Bad Vertical 
Blank circuit 
in monitor. 



Replace the 
VRV02 monitor. 



drawer of the 
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Table 7-2 (cont'.d) 
Video and VRV02 Monitor Troubleshooting Chart 



SYMPTOM 1 CAUSE 1 CORRECTIVE ACTION 

1 1 ! 


1 I i 

Heat sensi-i Heat sensitive 1 Replace the monitor circuitry I 
tivity of ! Vertical Blank 1 (VRV02 drawer). 

display 1 circuit: When i • 
size or 1 the drawer is ! • 
jitter. i closed the i ' 
Lines ! problem will ! ' 
missing at ! occur, and 1 • 
top of i when the ! t 
display I drawer is open 1 • 
but not ! and the ! I 
adjustable { circuit is ! ' 
via 1 cooler the I I 
Vertical I missing lines ! I 
Blank. Imight ! ! 
• reappear. I • 


Linearity: 1 The Side 1 Adjust the SP-C control in the 1 
The image I Pincushion 1 VRV02 monitor drawer until the 1 
displayed ! control may • sides of the image appear ! 
bends ! need 1 vertical and straight. 1 
inward or ! adjustment. i ' 
outward at I 1 ! 
the sides. 1 I ! 


Uneven ! External I To test for this condition, 1 
display ■ magnetic ! turn all three guns off, and ! 
color or 1 fields may 1 then turn one gun on at a S 
discolored ! have disrupted i time. Look for patches shading • 
lines. { the purity of ! the basic gun color. All three ! 
1 the color CRT. 1 guns of the monitor must be 1 
1 One of the i driven from the same cable to i 
! three electron 1 eliminate possible cabling ! 
1 beams of the I problems. Turn the brightness ! 
1 color tube in i of the background up until it ! 
! addition to ! is visible. Sequentially, ! 
i hitting its ! using the monitor drawer gun ! 
1 own phosphor ! switches, turn only one gun on • 
! dots may be ! at a time. Look for shading of I 
1 partially 1 the base color. If shading is ! 
1 hitting one of I observed the monitor should be I 
i the other I degaussed. Use the internal ! 
I phosphor ! degaussing coil. Press the • 
• colors as 1 degaussing switch until all • 
I well. ! distortion leaves the screen, I 
1 i then release the switch. \ 


———————— j — — — — ___. 1 __—_-.—.___«______».___-«______ — _«._ , 

Discolored 1 Focus out of 1 Adjust the Focus control in ! 

lines. 1 adjustment. 1 the monitor (at top right of 1 

1 i power supply). 1 
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Tablt 7-2 (cont'.d) 
Vidffo and VRV02 Monitor Troubleshooting Chart 



SYMPTOM 



CAUSE 



CORRECTIVE ACTION 



Unavtn 
d isp lag 
color. 



If tha color 
is uneven 
because the 
image lacks 
green shading* 
the green 
Digital-to- 
Analog Conver- 
ter (DAC) of 
the M7061 sync 
module mag 
need adjust- 
ment. The 
levels mag be 
saturating at 
the high or 
loui ends of 
the DAC'.s 
range. 



The M7061 sgnc mod 
output level is co 
pot R9< half-uiag 
right side of t 
Houiever/ before adj 
pot conduct the 
test. Leave only 
cable attached to t 
Run diagnostic Te 
select displag 
vertical green b 
appear. Theg should 
in intensitg* and 
should be approxi 
in intensitg incre 
steps appear as d 
to the next troub 
step. If the stepp 
is not even/ ad jus 
the M7061 modu.a 
steps aTB even C 
exercised uihen adj 
pot« as it uiill 
the level of the 
fed to the monit 
adjustment is too 
sgnc signal is af 
monitor image mil 
roll or lose sgn 
adjustment cannot 
replace the M7061. 



ule' s Green 
ntrolled bg 
down the 
he module, 
usting that 
f ollouiing 

the Green 
he monitor, 
st 34 and 
3. Fifteen 
ars should 

be stepped 
the steps 
mateig even 
ase. If the 
escribed go 
le-shooting 
ed increase 
t pot R9 on 

until the 
are must be 
usting this 
also affect 
sgnc signal 
or. If the 
loui and the 
fected/ the 
1 tend to 
c. If this 
be made 



Uneven 
d isp lag 
color. 



The individual 
color gain 
controls of 
the monitor 
mag need 
adjustment. 



The re 

b inarg 

green 

levels 

ing to 

intensi 

analog 

the in 

the c 

color 

to th 

monitor 

voltage 

individ 

the mon 



d and blue c 

(ON/OFF) 

cable car 

of voltage 

off and 

ties. The 

inputs and 
put voltage 
ables. It 
intensitg p 
e input vo 
response t 
is contro 
ual color g 
itor drawer. 



ables c 

data, 
r ies 
corresp 
three g 
monitor 
interp 
level 
d isp lag 
roporti 
1 tage. 
o the c 
lied bg 
ain pot 
These 



arrg 

The 
four 
ond- 
reen 

has 
rets 
s on 
s a 
onal 

The 
able 

the 
s in 
gain 



7-26 



Table 7-2 (cont'.d) 
Video and VRV02 Monitor Troubleshooting Chart 



1 SYMPTOM 


1 CAUSE 


1 CORRECTIVE ACTION 


1 Uneven 




pots should be adjusted while 


1 display 




a white image is displayed. 


1 color. 




1 Select Display 9 of Test 34 of 


1 CONT'.D 


1 

1 


the diagnostic, A square white 
image should appear on the 
1 screen. Adjust the monitor 
gain pots to restore the 
1 missing color* OR reduce the 
other two colors until the 
! square is a close approxima- 
1 tion to a gray-white. The 
' monitor should now display 
' images which avB more closely 
1 color balanced. Tweak the pots 
1 for best balance with the 
' images typically displayed. 
Also check the White Balance 
section of this trouble- 
shooting chart. 


! Uhite 


The background 


The following adjustment 


I balance: 


1 brightness 


procedure should NOT be 


I The image 


controls of 


performed unless absolutely 


I changes 


the monitor 


necessary. The necessity can 


1 color as 


may need 


be determined as follows. 


! the 


adjustment. 


Select Display 9 of Test 34 of 


I brightness 




the diagnostic. Turn the 


1 control is 




Brightness and Contrast 


i varied. 




controls to their minimum 
settings. The monitor screen 
should be dark. If the screen 
is not dark perform the 
adjustment. Increase the 
Contrast control until the 


1 




sqtiare image is at medium 


I 
1 

1 

1 

• 

1 1 

I 1 
< 1 

• 1 

1 ■ 1 


1 
1 

1 

1 

1 
1 


brightness. Increase the 
Brightness control setting 
until the background is just 
barely visible. Observe the 
square image as the brightness 
is increased. The image might 
change shade slightly. If the 
change is slight* most 
attempts at adjustment will 
only tend to increase the 
shade change. The controls 
will* however* allow the white 
balance to be restored. The 
adjustment procedure is a 
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TabU 7-2 (cont'.d) 
Vidffo and VRV02 Monitor Troubltthooting Chart 



SYMPTOM 



CAUSE 



CORRECTIVE ACTION 



Whita 

balanca. 

CONT'D 



series of ite 
same adjustmen 
ments tend to 
the serviceper 
solving abili 
Perform the f 
Turn the Contr 
ness controls t 
settings. Turn 
to its midpoint 
lowing six co 
monitor drawer 
mum settings: 



rations 
ts. The 

intera 
son'. s CO 
ty will 
olloiiting 
ast and 
o their 

the Bri 
Turn t 
ntrols 

to thei 



of the 
ad just- 
ct* and 
lor re- 
tire. 

steps: 
Bright- 
minimum 
ghtness 
he fol- 
in the 
r mini- 



RED BRIGHTNESS GAIN, 
BLUE BRIGHTNESS GAIN/ 
GREEN BRIGHTNESS GAIN, 
RED BACKGROUND, 
BLUE BACKGROUND, and 
GREEN BACKGROUND. 

Slowly increase the RED BACK- 
GROUND and GREEN BACKGROUND 
controls until the screen is 
just barely illuminated with 
yellow. It's best to perform 
this adjustment in a darkened 
area. If that is not possible 
shade the CRT face from stray 
reflections and excessive 
light. Shading the screen will 
allow closer determination of 
the color shades involved. 
Slowly increase the BLUE BACK- 
GROUND control setting until 
the screen is just barely il- 
luminated with gray. Increase 
the RED BRIGHTNESS GAIN and 
GREEN BRIGHTNESS GAIN controls 
until the screen is again just 
barely illuminated with yel- 
low. When looking intensely at 
the screen for long periods^ 
color determination tires. 
Look away occasionally. Now 
increase the BLUE BRIGHTNESS 
GAIN until the screen is again 
gray. Increase the external 
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Vidffo 



T«bl» 7-2 (cont'd) 
ind VRV02 Monitor Troublsshooting Chart 



SYMPTOM 



CAUSE 



CORRECTIVE ACTION 



Whit* 

balanc*. 

CONT'D 



brightness control and observe 
the display for color shading 
of the gray setting. If the 
color needs adjusting back to 
gray< turn the blue gun con- 
trol suiitch off. Adjust the 
RED BRIGHTNESS GAIN and GREEN 
BRIGHTNESS GAIN until the 
screen is again yelloui but at 
the new intensity setting. 
Turn the blue gun back on and 
readjust the screen to a gray 
shade. Reduce the external 
brightness control until the 
screen is at minimum illumina- 
tion. Turn the blue gun con- 
trol sufitch off. Adjust the 
RED BACKGROUND and GREEN BACK- 
GROUND controls until the 
screen is again just barely 
illuminated with yellow. Turn 
the blue gun back on and ad- 
just the BLUE BACKGROUND until 
the screen is again gray. In- 
crease the external brightness 
and continue this procedure 
until the setting of the ex- 
ternal brightness control has 
no effect on the screen color. 
Rapidly turning the external 
brightness down will cause the 
screen to briefly appear green 
as the long persistence phos- 
phor decays. Ignore this 
effect. Always adjust from 
yellow to gray. The human eye 
is more sensitive to 
yellow than shades 
or magenta. After 
ground white balance 
factoryi see the 



shades of 
of maroon 
the back- 
is satis- 
section of 



the trouble-shooting chart 
concerning image color balance 
and contrast white balance. 
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7. 5 M7061 SYNC ADJUSTMENT USING OSCILLOSCOPE 

This paragraph descibes tht initial adjuttm«nts to th« 117061 Sync 
Generator modul* in VSVll/VSl 1-AP, -AR, -AS# and -AT systems to 
b« mada if an oscilloscopa is availablt. For tha bast (^ualityi 
it is highly racomtnandad that an oscilloscopa ba obtained and tha 
following procatdura parformad. 

Parform tha following steps in order to adjust the M7061 Sync 
Generator module and VRV02-B monitor for initial operation* or 
u/hen quality of the video signal is in doubt. Tektronix 465i 485 
or equivalent oscilloscope should be available to aid in making 
the adjustments. 

1. Make sure that pouier is ON to all components (computer 
system and monitor) and that the computer system is 
initiali zed. 

2. Turn up the brightness and contrast controls on the 
front of the VRV02 display monitor and observe the 
screen. A raster (many fine parallel horizontal lines) 
should be observed. In addition^ a "sync tab" (blanked 
block at the center of the louier edge of the screen) 
should be observed. Press SET-UP on the VRV02 keyboard; 
the standard set-up frame should be visible. If no 
raster or set-up frame is visible* recheck the cabling* 
monitor pouter* etc. (see Table 7-2) 

3. Press SET-UP again. The screen should go blank. If 
video from the keyboard is still present* press SET-UP 
then the "0" (RESET) key to clear the screen. 

4. Set up the oscilloscope as follows: 

a. Connect the Channel 1 probe to the second GREEN 
input of the VRV02 monitor (this input is in 
parallel with the input to which the signal cable 
for Green is connected). 

b. Select triggering from the Channel 1 source. 

c. Set the Channel 1 Vertical amplitude control at 
0. 10 volts per division X 1. 

d. Set the horizontal sweep at 20 microseconds per 
division. 

e. Set the trigger controls for AUTO triggering. 

f. Set vertical mode for Channel 1 only. 

g. Select AC coupling for channel 1. 

h. Select the negative slope for triggering. 
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i. Position the trace in the middle of the screen. 

5. Initialize the proceiior and make sure that there is no 
picture on the monitor screen. 

6. Adjust the trigger level until a stable display on the 
oscilloscope can be observed. The display should 
consist of several loui— going pulses« each about 5 
microseconds lontj. These »t9 sync pulses. 

7. Adjust potentiometer R48 on the M7061 module (Figure 
,2-7) to the center of its range (12.5 turns from either 
'end). 

8. Observe the amplitude of the loui-going pulses on the 
oscilloscope. These should be 0.4 volts in amplitude. 

9. If the amplitude of the loui-going pulses is not 0.4 
voltsi adjust potentiometer R9 (clockwise to increase 
the sync level# and counter- clockwise to decrease it) 
on the M7061 module until the amplitude is correct. If 
the adjustment cannot be made using only R9i also adjust 
R48. 

10. Press SET-UP on the VRV02 keyboard and observe the 
set-up frame on the monitor screen. The picture should 
be stable (no rolling^ tearingi etc. ). If the picture 
is not stable^ and if the the sync amplitude has been 
adjusted according to the above procedurei the monitor 
requires adjustment; refer to Table 7-2. 

11. Set the Brightness and Contrast controls on the front of 
the VRV02 monitor to the center of their range. 

12. Load and start the VSVll/VSll diagnostic program (CVVSA 
for PDP-li and LSI— 11 S"£t9ms; EVTCB for VAX systems) 
and select Test 34 (Selected Displays). Refer to 
Chapter 2i Paragraph 2. 5# for loading and running 
procedures. 

13. Select display #5 (Crosshatch). Also make sure that the 
set-up frame is present on the screen. 

14. Open the monitor drawer and« referring to the printed 
legend within the drawer# turn off the RED and BLUE 
guns/ leaving only the GREEN gun on. The Crosshatch 
pattern should be entirely green. 

15. On the M7061 modulei adjust potentiometer R48 until the 
intensity of the characters in the Set-Up frame and the 
intensity of the Crosshatch avB equal. Turning R48 
counter-clockwise increases the video level of the 
set-up characters* while turning it clockwise decreases 
the video level of the set-up characters. 
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NOTE 

Do not rotat* R48 too far clockuiisv* as this 
mill decrease the input gain too far and the 
M7061 may not be able to sgnc to the incoming 
signal. 



16. If the tujo intensities cannot be made equal by adjusting 
only R48i adjust potentiometer R9. Turning R9 
counter-clockwise increases the video level and 
decreases the sync level. 

17. Initialze the processor to clear the Crosshatch from the 
screen. Press the "0" key on the VRV02 keyboard to 
clear the set-up frame and all other VRV02-generated 
video from the screen. 

IB. Observe the oscilloscope display once again and> if 
necessaryi adjust R9 to obtain a 0. 4 volt amplitude on 
the sync pulses. 

19. Repeat the previous steps« adjusting R48 and R9i until 
the Crosshatch intensity matches the set-up frame 
intensity and the sync amplitude is 0.4 volt. 

20. Turn the RED and BLUE guns back on via t i switches in 
the monitor drauier to return the monitor to normal 
operating condition. 
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APPENDIX A 
PARTS/DATA SHEETS 



The folloujing paragraphs list the mounting requirements' power 

requirements* and major hardware components for each VSll and 
VSVn model. 

The paragraphs mrm arranged as follous: 

A. 1 VSll-AA, VSn-AB 

A. 2 VSil-ACi VSll-AD 

A. 3 VSll-AEi VSll-AF 

A. 4 VSn-AHi VSll-AJ 

A. 5 VSll-AP, VSll-AR 

A. 6 VSll-AS. VSll-AT 

A. 7 VSVll-AA, VSVll-AB 

A. 8 VSVll-AC, VSVll-AD 

A. 9 VSV 1 1 -AE. VSV 1 1 - AF 

A. 10 VSVll-AH, VSVll-AJ 

A. 11 VSVll-AP, VSVU-AR 

A. 12 v3vii-A5/ vSvll-AT 



A. 1 VSll-AA, -AB PARTS/DATA SHEET 



Pt^tPttipn; 



UNIBU8 Raftt*r Graphics SystvA mith on* Iiii«g» livmory 
and without Display Monitor. 

Tha VSll-AA (60 Hz) and VSli-AB (90 Hz) mv 
idanticali thay diffar only in twitch tattingt on 
tha M7061 Sync Ganarator Modula to difttinguifth 
batwaan 60 Hz and 50 Hz oparation. 



Pirt? Lift 



t Qty. ! Part No. i Dascription 1 


! 1 ! 117061 \ Sync Canarator/Curaor Control Modula \ 
1 1 S M7062 1 Iffiaga Mamory Modula \ 


1 1 { M7064 \ Display Procassor Modula I 

1 1 \ H3060-A \ Joystick Assambly (with Cabla) \ 

\ 1 t 70-i59e7-0MI DBUS Data Cabla (40~Conductor Flat 1 
t i 1 Cabla w/ 2 Taps) t 


: 1 i 70-15822-0 { Joystick Pigtail Cabla t 


! 1 1 17-00193-001 5-Conductor COAX Pigtail Cabla ! 

1 1 \ 17-00192-OOJ 25-Foot 4-Conductor COAX Monitor 1 
1 i i Cabla 1 


! 2 t G7272 I Grant Continuity Card (LSI-11 Bus) i 


; 1 i DUll-BK t UNIBUS to LSI-11 Bus Convartar Assy. 1 
i (1) I (M82i7) : (Bus Convartar Modula - Quad Haight)t 
1 (1)1 (M9403) i (Cabla Connactor Modula) i 
1 (1) 1 (TEVll) I (LSI-11 Bus Tarminator Modula) \ 
1 (1) 1 (BC05L-06)l (6-Foot 40-Conductor Flat Cabla) \ 
! (1) i (DDVll-CK): (4-Slot Hax-Haight Backplana) \ 



Hovntinq Raouiramants: 



Singla (4-Slot) Systam Unit Mounting 
Spaca in BA11-K> -L» -F» or -P Mounting 
Box (for DDVll-CK)} plus Quad-haight SPC 
slot in UNIBUS backplana in sama box as 
DDVil-CK. 



POtftr Raouiramants: 



> 5 Vdc « 9. Amp 
-15 Vdc « 0. 7 A/np. 



A-2 



A. 2 VSll-AC, -AD PARTS/DATA SHEET 

D»»inition: UNIBU8 R«tt»r Graphics SystvM with two Imag* Mamory 
modulvi and without Display Monitor. 



Piftg LiXl 



Tha V811-AC <60 Hz) and V811-AD <50 Hz) mv 
idanticali thay diffar only in switch sattings on 
tha H7061 Sync Oanarator Modula to distinguish 
batwaan 60 Hz and 50 Hz oparation. 



1 Oty. t Part No. 1 Dascription i 


lit i 
1 1 1 M7061 1 Sync Oanarator/Cursor Control Modula I 

t 2 1 M7062 i Imaga Mamory Modula 1 


1 i 1 M7064 1 Display Procassor Modula I 

I 1 1 H3060-A 1 Joystick Assaiably (with Cabla) 1 

1 1 1 70-15987-OMt DBUS Data Cabla (40-Conductor Flat I 
t 1 1 Cabla w/ 2 Taps) t 


1 1 ! 70-15822-0 i Joystick Pigtail Cabla 1 
i 1 1 17-00193-001 5-Conductor COAX Pigtail Cabla 1 


I 1 1 17-00192-001 25-Foot 4-Conductor COAX Monitor 1 
1 i 1 Cabla 1 

1 2 1 Q7272 i Grant Continuity Card (LSI-U Bus) t 


1 1 t DWll-BK 1 UNIBUS to LSI-11 Bus Convartar Assy. 1 
t <1) 1 <Me217) 1 (Bus Convartar Modula - Quad Haight)! 
I (1) I (M9403) i (Cabla Connactor Modula) 1 
! (1) { (TEVll) i (LSI-11 Bus Tarminator Modula) 1 
i (1) 1 (BC05L-06)i (6-Foot 40-Conductor Flat Cabla) i 
1 (1) i (DDVll-CK)l (4-Slot Hax-Haight Backplana) 1 
1 (1) 1 (70-16830)1 (Powar Harnass Adaptar Cabla) 1 
1 1 I I 



hgVntiPfl Raouiramants: 



Singla (4-Slot) Systaii Unit Mounting 
Spaca in BA11-K« -L# -F, or -P Mounting 
Box (for DDVll-CK)i plus Ouad-haight 8PC 
slot in UNIBUS backplana in sama box as 
DDVll-CK. 



PgWtr Raouiramantm: 



••- 5 Vdc « 10. 5 Amp 
•(-15 Vdc tf 1. 2 Aflip. 
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A. 3 VSll-AE, -AF PARTS/DATA SHEET 



Dgf inition: UNIBU8 Ratttr Oraphicft Systtn with on* Imag* M«fiiory 
and 12** B/U Monitor w/ Koyboard. 

Tho V911-AE (120V/60HZ) and V811-AF <240V/50Hz) 
differ in ftwitch ftattingi on th* M7061 Sync Modula 
(60/90 Hz)t and in monitor powar cord and tatting of 
powar aalactor awitch. 
P«rta Lift; 



i Qty. 1 Part No. 1 Daacription t 

t t ( \ 


III 1 
1 1 1 M706i 1 Sync Oanarator/Curaor Control Modula 1 

t 1 1 M7062 1 Imaga Mamory Modula 1 

1 1 1 M7064 1 Display Procataor Modula 1 

1 i 1 H3060-A i Joystick Assambly (with Cabla) 1 

1 1 1 70-15987'-0MI DBUS Data Cabla (40-Conductor Flat 1 
1 1 1 Cabla w/ 2 Taps) 1 


I 1 1 70-15822-0 1 Joystick Pigtail Cabla 1 

I 1 1 17-00193-001 5-Conductor COAX Pigtail C bla 1 

1 1 i 17-00192-001 25-Foot 4-Cond. COAX Monitor Cabla 1 

1 2 1 07272 1 Grant Continuity Card (LSI-11 Bus) 1 

1 1 t DWll-BK 1 UNIBU8 to LSI-li Bus Convartar Assy. 1 
i (1) 1 (M8217) 1 (Bus Convartar Modula - Quad Haight)! 
I (1) 1 (M9403) 1 (Cabla Connactor Modula) 1 
1 (1) 1 (TEVll) 1 (LSI-ii Bus Tarminator Modula) 1 
1 (1) 1 (BC05L-06)I (6-Foot 40-Conductor Flat Cabla) 1 
1 (1) 1 (DDVll-CK)l (4-Slot Hax-Haight Backplana) 1 
1 (1) 1 (70-16830)1 (Powar Harnass Adaptar Cabla) 1 

1 i 1 VTIOO-LA 1 Vidao Tarminal. with 12** Black tc 1 
i t (VSll-AE) 1 Whita CRT* Oatachabla Kayboard* and 1 
1 1 or 1 Powar Cord. (Maka sura tha Powar 1 
I ! VTIOO-LB 1 Salactor switch on tha raar of tha 1 
1 1 (VSll-AF) 1 monitor casa is proparly sat. ) 1 
J » 1 1 



Ijgyn^tpg Raouirtmants: 



Singla (4-Slot) Systam Unit Mounting 
Spaca in BAll-K* -L» -F, or -P Box) plus 
Quad-SPC slot in UNIBUS backplana in sama 
box. 



rgtftr Raquiram#ntm: 

VTIOO-LA: 
VTIOO-LB: 



■»• 5 Vdc « 9. Amo. 

■t-15 Vdc « 0. 7 Amp. 

90-128 Vac tf 2. 2 Amp. , i-Phasa 

180-256 Vac « 1. 1 Amp. » 1-Phasa 
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A. 4 V8il-AHi -AJ PARTS/DATA SHEET 



I2iliniiifiiii. 



Eirii. LiilJ 



UNIBUS Rastvr Graphics Systam with two lfn«0* 
Mtmorits and 12" B/U Monitor m/ Ktyboard. 

Tht VSll-AH <120V/60H2) and VSll-AJ (240V/50Hz) 
diffar in stuitch tattingi on tht M7061 Sync Modulv 
(60/50 Hz)f and in monitor powar cord and tatting of 
powar lalactor twitch. 



1 Qty. 1 Part No. i Daacription \ 


\ 1 t M7061 t Sync Oanarator/Curaor Control Modula \ 

1 2 i M7062 i Ifflaga Hamory Modula { 

\ 1 ! M7064 • Display Procassor Modula i 

1 i i H3060-A i Joystick Assambly (with Cabla) i 

t 1 i 70-15987-OMl DBUS Data Cabla <40-Conductor Flat \ 
\ i t Cabla w/ 2 Taps) \ 

1 1 1 70-15822-0 \ Joystick Pigtail Cabla \ 

t 1 1 17-00193-OOt 5-Conductor COAX Pigtail Cabla 1 


\ 1 J 17-00192-001 25-Foot 4-Cond. COAX Monitor Cabla 1 

\ 2 1 C7272 \ Grant Continuity Card (LSI-11 Bus) t 

1 1 1 DWli-BK \ UNIBUS to LSI-11 Bus Convartar Assy, i 
i (1) i (M8217) t (Bus Convartar Modula - Ouad HaightX 
i (1) t (M9403) 1 (Cabla Connactor Modula) .' 
1 (1) 1 (TEVll) f (LSI-ll Bus Tarminater Modula) ! 
1 (1) i (BC05L-06)I (6-Foot 40-Conductor Flat Cabla) \ 
1 (1) t (DDVll-CK)l (4-Slot Hax-Haight Backplana) i 
t (1) 1 (70-16830)1 (Powar Harnass Adaptar Cabla) 1 


t 1 t VTIOO-LA \ Vidao Tarminal* with 12** Black Ir i 

\ J or \ Powar Cord. (Maka sura tha Powar 1 
: t VTIOO-LB 1 Salactor switch on tha vmr of tha 1 
1 •' (VSll-AF) \ monitor casa is proparly sat. ) 1 

\ \ \ \ 



MgVntinfl Rgquiramants: 



Singla (4-Slot) Systam Unit Mounting 
Spaca in BAll-K* -Lt -F* or -P Boxj plus 
Quad-SPC slot in UNIBUS backplana in sama 
box. 



tSMMIL Raouiramants: 



VTIOO-LA: 
VTIOO-LB: 



I- 5 Vdc « 10. 5 Amp. 
1-15 Vdc tf 1.2 Amp. 
90-128 Vac « 2. 2 Amp. . 
180-256 Vac H 1. 1 Amp. 



1-Phasa 
1-Phasa 
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A. S V811-AP, -AR PARTS/DATA SHEET 



Pf^ip^tUn; 



UNIBU8 Raftt*r Graphics Syttvui with ont* Imagt Memory 
and 19" Color Monitor w/ Kayfaoard. 

Tha V811-AP <120V/60Hz) and VSli-AR (240V/50Hz) 

diffar in switch sattinga on tha M7061 Sync 

Oanarator Modula (60/50 Hz) and in tha powar cords 

and powar salactors on tha monitor components (CRT tc 
Keyboard Intarfaca). 



Mountino Raouiramants: Single (4-Slot) System Unit Mounting 

Space in BA11-K# -L* -F» or -P Box* plus 
Ouad-SPC slot in UNIBUS backplane in same 
box. 



EJ2MM1. Rtqv4^f«ft?n^f; 



VRV02-BA: (CRT) 
(Keyboard Interface) 

VRV02-BB: (CRT) 
(Keyboard Interface) 



4- 5 Vdc « 9. Amp. 
•t-19 Vdc « 0. 7 Amp. 

108-132 Vac « 1. 1 Amp. 1-Phase 
90-128 Vac « 1.9 Amp. , 1-Phasa 

216-264 Vac « O. 6 Amp. 1-Phasa 
180-296 Vac « O. 8 Amp. » 1-Phasa 



CParts List is on tha following paga3 
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Parts lift 



Qty. i Part No. 1 DvKcription : 


1 I M70^1 t Sync Offntrator/Cursor Control Modul* { 
1 \ M7062 t I mag* Mamory Modula { 


1 i H7064 i Display Procassor Hodulv i 
1 t H3060--A .' Joystick Assambly (with Cabla) { 


1 ! 70-15987-OM} DBUS Data Cabla <40-Conductor Flat \ 
\ \ Cabla w/ 2 Taps) i 


1 \ 70-15B22-0 1 Joystick Pigtail Cabla 1 
1 t 17-0O193-00I 9-Conductor COAX Pigtail Cabla \ 

1 I 17-00192-001 25-Foot 4-Cond. COAX Monitor Cabla J 

2 ! 07272 .' Grant Continuity Card <LBI-11 Bus) i 


(1) ! (M8217) i <Bus Convartar Modula - Quad Haight)i 
<1) i <M9403) i <Cabla Connactor Modula) i 
(i) t (TEVll) t (LSI-11 Bus Tarminator Modula) \ 
<1) { <BC05L-06)I <6-Foot 40-Conductor Flat Cabla) 1 
<1) 1 (DDVll-CK)! (4-Slot Hax-Haight Backplana) i 
(1) \ (70-16830)1 <Poiiiar Harnass Adaptar Cabla) I 

1 1 VRV02-BA I Color Vidao Tarminal, with: 1 
I <VSV11-AP)I 19" Color CRT, w/ Poinar Cord, 1 

1 VRV02-BB I Keyboard Intarfaca w/ Power Cord, 1 
! <VSyil-AR)J BC05F-15 15' Serial Interface Cable,! 
\ \ Video Extension Cable, t 

1 1 ! 
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A. 6 VS11-A9. -AT PARTS/DATA SHEET 



Ptfinitjgp; 



UNIBU8 Ratttr Graphics Syitaoi with two 
Mvoioriti and 19" Color Monitor w/ Kayboard. 



Imaga 



Tha VSll-AS <120V/A0Hi) and VSll-AT <240V/50H2) 
diffar in switch sattings on tha M7061 Sync 
Oanarator Modula (60/90 Hz) and in tha powar cords 
and powar salactors on tha nonitor conponants (CRT tc 
Kayboard Intarfaca). 



H9WP^ipq Raquiramants: 



Singla (4-91ot) Systaa Unit Mounting 
Spaca in BAll-K* -L, -F» or -P Boi; plus 
Quad'SPC slot in UNIBUS backplana in sama 
box. 



Pgtftr RfQWiT-fB^tnti; 



VRV02-BA: (CRT) 

(Kayboard Intarfaca) 

VRV02-BB: (CRT) 

(Kayboard Intarfaca) 



-•- 5 Vdc « 10. 5 Amp. 
*i5 Vdc tf 1.2 Amp. 

108-132 Vac « 1. 1 Amp. 1-Phasa 
90-128 Vac « 1. 9 Amp. . 1-Phasa 

216-264 Vac « 0. 6 Aaip. 1-Phasa 
180-296 Vac « 0. 8 Amp. . 1-Phasa 



CParts List is on tha following paga3 
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Emit Liili. 



i Qty. 1 Part No. 1 D«ftcription i 
III t 


{ i i 1 
I 1 i M7061 i Sync O»n»rator/Curftor Control Modult i 

1 2 t M70^2 i Ifliag* Mvmory Modult 1 

! 1 1 n7064 1 Display Procttisor Modult I 


i 1 1 H3060-A 1 Joystick Assembly <itfith Cablt) i 


1 1 \ 70-15987-OMl DBUS Data Cable <40-Conductor Flat 1 
t 1 i Cablt w/ 2 Taps) 1 


t 1 i 70-19622-0 \ Joystick Pigtail Cabla t 


1 1 \ 17-00193-00{ 9-Conductor COAX Pigtail Cabla t 
t 1 i 17-00i92-00t 23~Foot 4-Cond. COAX Monitor Cabla i 


! 2 i Q7272 i Grant Continuity Card (L8I-11 Bus) 1 

t 1 { DUll-BK { UNIBUS to L8I-11 Bus Converter Assy. } 
! <1) ! <M8217) 1 (Bus Converter Module - Quad Height)! 
I <1) i <M9403) i <Cable Connector Module) i 
\ <1) i (TEVin t (LSI-11 Bus Terminator Module) \ 
\ (1) 1 <BC05L-0&)! (&-Foot 40-Conductor Flat Cable) J 
i <1) 1 <DDV11-CK)! (4-Slot Hex-Height Backplane) t 
1 <1) { (70-16830) i (Power Harness Adapter Cable) \ 


\ 1 \ VRV02-BA \ Color Video Terminal, with: \ 
1 1 (VSVll-AP)l 19" Color CRT, m/ Power Cord, \ 

i i VRV02-BB i Keyboard Interface w/ Power Cord, \ 
S ! <VSV11=AR)1 BCOSF^IS 15' Serial Interface Cable. J 
i • 1 Video Extension Cable, • 

J 1 1 1 
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A. 7 VSVll-AA. -AB PARTS/DATA SHEET 

Dtff inition: L8I-11 Bu» Rastvr Oraphici iyttsi* with ont I«ag» 
Mvmory and without Display Monitor. 

Th» V8V11-AA (60 Hz) and V6Vil-AB <50 Hz) mr^ 
idtnticali thay diffar only in twitch tattings on 
tha M706i Sync Oanarator Modula to diatinguith 
batwaan 60 Hz and 50 Hz oparation. 



P^r%^ ULiJLL 



Qty. i Part No. 



Daacription 



\ 

I M7061 
I 



I n7062 
I 



I M70&4 
I 



i H3060-A 
J 



Sync Oanarator/Curaor Control Modula 
Imaga Mamory Modula 
Diaplay Procaasor Modula 
Joystick Aaaambly <with Cabla) 



I 70-15987-OM 
I 






DBUS Data Cabla (40-Conductor Flat 
Cabla w/ 2 Taps) 



\ 70-15822-0 
I 



\ 17-00193-00 

J 



Joystick Pigtail Cabla 
5-Conductor COAX Pigtail Cabla 



J 17-00192-00 
\ 



\ G7272 



25-Foot 4-Conductor COAX Monitor 
Cabla 

Grant Continuity Card (LSI-11 Bus) 



novn^inq Raouiramants: 



3 Adjacant Quad-Haight slots in H9273-A 
LSI-11 Bus Backplana (or Equivalant) 



Pgtfgr Raouiramantm: 



•t- 5 Vdc tf 6. Amp. 
•1-12 Vdc 41 0. 7 Amp 
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A. e V9V11-AC, -AD PARTS/DATA SHEET 

D«f inition: L8I-11 Bus Raitvr Oraphics Bystvii with two Z«ag» 
MvMory Modules and without Display Monitor. 

Tha V8V11-AC (60 Hz) and V8V11-AD <50 Hz) mv 
idanticali thay diffar only in switch sattings on 
tha M7061 Sync Oanarator Modula to distinguish 
batwaan 60 Hz and 90 Hz operation. 



EmiUjl Lift 



t Qty. \ Part No. 1 Description ( 

I i ! \ 


til t 
1 1 1 M7061 { Sync Oanarator/Cursor Control Modula 1 

t 2 { M7062 1 Imaga Memory Modula I 

I 1 1 M7064 \ Display Processor Module \ 


I 1 I H3060-A { Joystick Assembly (with Cable) \ 

{ 1 i 70-15987-OMi DBUS Data Cable (40-Conductor Flat \ 
i 1 i Cable w/ 2 Taps) 1 

i 1 i 70-15622-0 t Joystick Pigtail Cable 1 


i 1 1 17-00193-00{ 5-Conductor COAX Pigtail Cable i 

I 1 I 17-00192-00.' 2S-Foot 4-Conductor COAX Monitor 1 
: : 1 Cable \ 

I 2 t 07272 i Grant Continuity Card (LSI-11 Bus) 1 
\ \ \ \ 



Mounting Requirements: 4 Adjacent Quad-Height slots in H9273-A 

LSI-11 Bus Backplane (or Equivalent) 



Pgtftr Reouiremants: 



•f- 9 Vdc tf 7. 5 Amp. 
•(•12 Vdc « 1.2 Amp. 
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A. 9 VSVll-AE, -AF PARTS/DATA SHEET 



D>f inition: 



L6I-11 But Ratttr Graphic ».> Sytttm with on* Inagt 
liaaory and with 12" Monochroiiv (B/U) Display Monitor 
w/ Dttachabla Ktyboard. 

Tha V8V11-AE <120V/60Hz) and V8V11-AF (240V/90Hz) 
mv functionally idantical) thay diffar in twitch 
tatting» on tha M7061 Sync Oanarator Modula to 
distinguish batwaan 60 Hz and 50 Hz oparation* and 
in tha powar cord and powar talactor switch on tha 
monitor. 



P§tU UjlIl 



t Qty. 1 Part No. 1 Dascription t 
1 t t 1 


\ I \ i 
{ 1 t M7061 \ Sync Oanarator/Cursor Control Modula 1 

t 1 \ M7062 i Imaga Mamory Modula i 


! 1 ! M7064 1 Display Procassor Modula 1 


\ X \ H3060-A \ Joystick Assanbly (with Cabla) I 

\ 1 \ 70-15987-OMl DBUS Data Cabla <40-Condtctor Flat \ 
\ \ \ Cabla w/ 2 Taps) 1 

t 1 t 70-15822-0 1 Joystick Pigtail Cabla 1 

1 i t 17-00193-00{ 5-Conductor COAX Pigtail Cabla 1 

I 1 J 17-00192-OOJ 25-Foot 4-Cond. COAX Monitor Cabla \ 

\ 2 t 07272 1 Grant Continuity Card (LSI-ii Bus) \ 


\ 1 i VTiOO-LA : Vidao Tarminal* with 12** Black tt 1 
i t (VSVli-AE)i Uhita CRT« Datachabla Kayboard* and i 
t i or { Powar Cord. (Maka sura tha Powar i 
\ I VTIOO-LB { Salactor switch on tha vmr of tha t 
i 1 <VSVli-AF>l monitor casa is proparly sat. ) \ 
I I « \ 



Mounting Raouirtmants: 



3 Adjacant Quad-Haight slots in H9273-A 
LSI-il Bus Backplana <or Equivalant) 



Powar Raouiramants: 



VTIOO-LA: 
VTIOO-LB: 



••- 5 Vdc « 6. Amp. 
1-12 Vdc « O. 7 Amp. 
90-128 Vac « 2. 2 Amp. 
180-256 Vac « i. 1 Amp 



i- Phasa 
1-Phasa 
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A. 10 VSVll-AH, -AJ PARTS/DATA SHEET 



Definition: 



LSI-11 Bus Raster Oraphics Syittm with two iMagt 
Mfffliory modulffs and 12" Monochroiic <B/W) Display 
Monitor w/ Datachabl* Keyboard. 

Tht VSVll-AH (120V/60HZ) and V8V11-AJ (240V/50Hz) 
BT9 functionally idantical; th«y difftr in suiitch 
tattings on tha H7061 Sync Oanarator Modula to 
distinguish batwaan 60 Hz and 50 Hz oparation* and 
in tha pouiar cord and powar salactor switch satting 
on tha monitor. 



Pifti Li3± 



Qty. \ Part No. 



1 

2 



I 

i M7061 
I 



t M7062 






I 

i M7064 



J 

{ H3060-A 



I 70-159B7-0M 



I 70-15B22-0 

I 17-00193-00 
I 



I 17-00192-00 
I 07272 



\ VTIOO-LA 
\ (VSVll-AH) 
\ or 

I VTIOO-LB 
I (VSVll-AJ) 



Dascription 



Sync Oanarator/Cursor Control Modula 
Imaga Maoiory Modula 



Display Procassor Modula 
Joystick Assanbly (with Cabla) 



DBUS Data Cabla (40-Conductor Flat 
Cabla w/ 2 Taps) 



Joystick Pigtail Cabla 
5-Conductor COAX Pigtail Cabla 
25-Foot 4-Cond. COAX Monitor Cabla 



Grant Continuity Card (LSI-11 Bus) 



Vidao Tarminal* with 12** Black Ir 
Uhita CRT* Datachabla Kayboard« and 
Powar Cord. (Maka sura tha Powar 
Salactor switch on tha raar of tha 
Monitor casa is proparly sat. ) 



Mountino Raauirawants: 4 Adjacant Ouad-Haight slots in H9273-A 

LSI-11 Bus Backplana (or Equivalant) 



££M£r Raouiragiants: 

VTIOO-LA: 
VTIOO-LB: 



-»• 5 Vdc « 7. 5 Aisp. 
1-12 Vdc ff 1.2 Aisp. 
90-126 Vac « 2. 2 Amp. 
180-256 Vac « 1. 1 Amp 



1- Phasa 
1-Phasa 
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A. 11 V8V11-AP, -AR PARTS/DATA SHEET 



D«f inition: L8I~11 Bus Ratter Oraphii Sytt«iii with on* iMag* 
MffMory and with 19** Cu*ot Diiplau Monitor w/ 
Kvyboard. 

Th* VSVil-AP (120V/60HZ) and V8V11-AR (240V/50Hx) 
diffar in twitch lattinga on tha K7061 Sync 
Oanarator Modula (60/50 Hz) and in tha powar cordt 
and powar salactori on tha monitor componantt (CRT tc 
Kayboard Intarfaca). 
Ptrtg Lilll. 



1 Gty. I Part No. i Daacription 1 

i 1 t \ 


lit \ 
1 1 •* M7061 i Sync Oanarator/Curaor Control Modula i 

1 1 t M7062 1 I mag a Mamory Modula i 

I i ! M7064 i Display Procassor Modula \ 

\ 1 t H3060-A 1 Joystick Aasambly (with Cabla) i 

i 1 t 70~i5987-0MI DBUS Data Cabla (40-Conductor Flat 1 
t t \ Cabla w/ 2 Taps) i 


1 1 i 70-19622-0 ! Joystick Pigtail Cabla { 
1 1 \ 17-00193-001 9-Conductor COAX Pigtail Cabla \ 


i 1 1 17-00192-001 25-Foot 4-Cond. COAX Monitor Cabla \ 

I 2 i G7272 \ Grant Continuity Card (L8I-11 Bus) i 

{ 1 1 VRV02-BA i Color Vidao Tarminal, with: 1 
I 1 (VSVll-AP)l 19" Color CRT, w/ Powar Cord. 1 
i i or t Datachabla Kayboard* t 

I \ (VSVll-AR)l BC05F-15 15' Sarial Intarfaca Cabla. i 
! i t Vidao Extension Cabla. t 
1 i 1 20mA Loopback Tast Connactor 1 



riQMn^iPq Raouiramants: 

Potftr RfQvirtiftfn^f; 



VRV02-BA: (CRT): 

(Keyboard Intarfaca): 

VRV02-BB: (CRT): 

(Keyboard Interface): 



3 Adjacent Quad-Height slots in H9273-A 
LSI-11 Bus Backplane (or Equivalent) 

•t- 5 Vdc tf 6. O Amp. 
♦12 Vdc • 0. 7 Amp. 

108-132 Vac 41 1. 1 Amp. 1-Phasa 
90-128 Vac « 1. 5 Amp. . 1-Phasa 

216-264 Vac 4i 0. 6 Amp. 1-Phase 
180-256 Vac « 0. 8 Amp. . l-Phase 
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A. 12 V9V11-AS, -AT PARTS/DATA SHEET 



D» f i n i t i on : L5I-11 But Raster Oraphics 8yftt»m with two Imag* 
MtMorivft and 19" Color Display Monitor w/ Ktyboard. 

Tha VSVll-AS (120V/60H2) and V8V11-AT (240V/50H2) 
diffar in twitch mattinga on tha M7061 Sync 
Ganarator Modula (60/50 Hz) and in tha powar corda 
and powar talactori on tha laonitor coikponanta <CRT Ic 
Kayboard Intarfaca). 

Ptrtt Li&lL 



i Oty. t Part No. 1 Daacription t 


t 1 1 M7061 ! Sync Ganarator/Curaor Control Modula \ 
! 1 1 M7062 1 Imaga Mamory Modula 1 
1 1 { M7064 i Display Procaaaor Modula \ 
I 1 1 H3060-A 1 Joystick Assaoibly (with Cabla) \ 


i 1 i 70~i59e7-0MI DBUS Data Cabla (40-Conductor Flat 1 
1 ! I Cabla w/ 2 Taps) { 

! 1 { 70-15622-0 1 Joystick Pigtail Cabla \ 


1 1 } 17-00193-001 5-Conductor COAX Pigtail Cabla \ 
1 1 t 17-00192-OOt 25-Foot 4-Cond. COAX Monitor Cabla I 


! 2 1 G7272 .' Grant Continuity Card (L8I-11 Bus) - 1 

i 1 ! VRV02-BA I Color Vidao Tarninal, with: i 
I I (VSV11-AP)8 19" Color CRT, w/ Powar Cord, t 

\ t VRV02-BB i Kayboard Intarfaca w/ Powar Cord, 1 
{ t (VSVli-AR)t BC05F-15 15' Sarial Intarfaca Cabla,! 
! \ \ Vidao Extansion Cabla, 1 



Mgyntjing Raouiramants: 



PjiMST Pgflv4rffft?p^g; 



VRV02-BA: (CRT) 
(Kayboard Intarfaca) 

VRV02-BB: (CRT) 
(Kayboard Intarfaca) 



4 Adjacant Quad-Haight slots in H9273-A 
LSI-11 Bus Backplana (or Equivalant) 

+ 5 Vdc « 7. 5 Amp. 
■i'12 Vdc « 1.2 Amp. 

108-132 Vac tf 1. 1 Aaip. 1-Phasa 
90-128 Vac « 1. 5 Aiap. , 1-Phasa 

216-264 Vac tf 0. 6 Amp. 1-Phasa 
180-256 Vac « 0. 8 Amp. , i-Phasa 



A-15 



APPENDIX B 
VRV02-BA/BB 20MA TO EIA CONVERSION 



The Keyboard Interface unit used in the VRV02-BA/BB consists of 
standard VTIOO logic plus the VTIXX-AA 20mA Option. The 
VRV02-BA/BB is therefore supplied set up for 20mA Current Loop 
serial communications! and the EIA ("COiiM. ") connector is not 
active. If the unit is to interface to an EIA RS-232 
communications line« the 20mA option must be disabledi as 
f ol loius: 

1. Open the case of the Keyboard Interface unit. 

2. Disconnect the 20mA option board by removing the 8-inch 
5-conductor interconnect cable. This cable runs from a 
connector on the narrou VTIXX-AA 20mA option board to a 
connector on the main VTIOO logic module. 

3. Tape the cable just removed securely to the bottom of 
the case for use in the event of a future requirement. 

4. Reassemble the Keyboard Interface case and attach the 
EIA communications line to the "COMM. " connector on the 

tin i 4? 



APPENDIX C 
VT100/VRV02 SETUP AND OPERATOR INFORMATION 



This Appendix is a brief overview of the procedurei used to 
"set-up" the internal parameter* of the VTIOO or VRV02 for 
operation as a VSVll/VSll graphics terminal. For detailed 
operating procedures, consult the VTIOO User Guide* EK-VTIOO-UO. 

The operating parameters of interest when using the VTIOO or 
VRV02 as a graphics terminal 9r9: 

1. Interlace/Non-Inter lace Scanning Mode/ 

2. 50Hz/60Hz Operating Frequency* and 

3. Video Intensity. 

Also of importance av the parameters necessary for serial 
communication with the host computer (Transmit/Receive Speed* 
Parity, etc. ). There ar9 other parameters which can be set-up as 
desired for operator convenience or host software compatibility. 

The parameters ars set using the SET-UP function of the keyboard. 
The following steps should be used to set up the Oraphics-related 
operating parameters: 

1. Press the SET-UP key in the upper left corner of the 
keyboard* the SET-UP A display should be seen on the 
screen. This display allows tab stops to be set* it 
does not affect graphic operation. 

2. Observe the labels next to the top row of keys (the 
number keys) and press SETUP A/B (the "5" key)* the 
SET-UP B display should appear on the screen. 

3. The SET-UP B display allows the operating parameters to 
be set-up. In this display* four groups of four binary 
digits each should be seen* along with a T (Transmit) 
SPEED and R (Receive) SPEED indication. The blinking 
cursor should also be seen* initially at the left of the 
screen. 



4. To ftfft-up th« Int*rlac«/Non'Int«rlac« aodv of operation* 
\}%9 thv tpac* bar to inov* th* - ^jrtor to th» right until 
it it undtr tho last (4th) digit of tha third group. 
Tha fttata of this digit controls tht 
Xntarlaca/Non-Intarlaca scanning aoda. If it is 0* tha 
laoda is Non-Intarlacad. If it is 1* tha «oda is 
Intarlac^d. Datar«ina uihich »oda is to ba usad (it must 
match tha sat-up on tha M706i Sync Oanarator). Tha 
stata of tha digit* and hanca tha «oda* is changad by 
prassing tha TOGGLE 1/0 kay (tha "6" kay). 

5. To sat~up tha 50Hz/60Hz oparating fraquancy* usa tha 
spaca bar to Mova tha cursor to tha right until it is 
undar tha last (4th) digit of tha fourth group. Tha 
stata of this digit controls tha oparating fraquancy. 
If tha digit is 0* tha tarninal is sat fisr 60Hz 
oparationi if it is 1* it is sat for 90Hz oparation. 
Datarmina which fraquancy is to ba usad (it Must natch 
tha sat-up of tha M7061 Sync Oanarator). Tha stata of 
tha digit* and hanca tha fraquancy* is changad by 
prassing tha TOGGLE 1/0 kay (tha "6'* kay). 

6. Tha Transmit and Racaiva Spaads (sarial baud ratas) can 
ba changad by oparating tha TRAN8HIT SPEED ("7" kay) and 
RECEIVE SPEED ( "S" kay) kays. 

7. Tha vidao intansity of tha VTIOO-LA/LB can ba adjustad 
up or down by prassing tha Up-Arfow or L )wn~Arrow kays* 
raspactivaly* at tha uppar right of tha main kayboard. 
CTha vidao cannot ba adjustad in this mannar on tha 
VRV02 color monitor}. 

8. Whan sat-up is cppplata* prass tha "8" kay 
simultanaously with tha SHIFT kay to stora tha currant 
paramatars. 

9. Exit tha SET-UP moda by prassing tha SET-UP kay. 
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